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INTRODUCTION 
Corn (Zea mays L.) ranks after wheat and rice as the 
third most important crop in the world. It is used directly 
as food for human consumption and as a feed grain for animals. 
Its importance arises both because of its great productivity 
and because it can grow over an extremely wide environmental 
range. It is grown without irrigation in regions with as 
little as 25 cm of rainfall and in areas with as much as 500 
cm, and from sea level to altitudes of 4000 meters in the 
Andes. Its usefulness is enhanced by its extreme diversity 
of form, quality and growth habit (Duncan, 1975)» 
Foliar fertilization, or foliar feeding in the broad 
sense, involves the application on, and subsequent absorption 
of nutrients by all above-ground plant parts, particularly 
the leaves. Although foliar fertilization constitutes one of 
the most important milestones in the progress of agricultural 
crop production, it has been used principally in cases requir­
ing quick recovery from a nutrient deficiency. Aerial sprays 
of micronutrients are often used on fruit trees, vegetables, 
agronomic and plantation crops in preference to soil applica­
tion from which uptake is poor because these elements are not 
very soluble in the soil solution and are often either im­
mobilized in the soil or in the conducting tissues of the 
plant or both. However, foliar applicaticzi of fertilizer 
nutrients generally has not been considered as a feasible 
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method of fertilizer application for grain crops. Therefore 
there is very limited information in the literature concern­
ing foliar application of fertilizers, particularly macro-
nutrient fertilizers, on grain crops. 
In most of the studies that have been reported, foliar 
applications were made very early in the growing season prior 
to seed-filling and when leaf development was inadequate for 
foliar applications of appreciable amounts of nutrients. Even 
as leaf development progresses during the vegetative phase of 
plant growth, the amounts of nutrients that can be applied 
without causing severe "burning" of the leaves are not suf­
ficient to supply the nutrient needs of the plants for a long 
period of time. Therefore several applications of nutrients are 
required to maintain the nutritional status of the plant 
during the growing season. 
The great potential for foliar fertilization is based 
upon the "self-destructive" processes occurring in plants, 
particularly agricultural crops during the seed-filling 
period. Hanway^  noted that during the seed-filling period, 
the developing seeds become the dominating sinks for sugars 
in the plant, and the photosynthate manufactured in the leaves 
is translocated primarily to these developing seeds. The 
supply and levels of soluble sugars together with nutrients 
J. J. Hanway, Department of Agronomy, Iowa State Uni­
versity, Ames, Iowa. Foliar fertilization of grain crops. 
Unpublished material. 1974. 
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(N, P, S and K for soybeans) in the leaves, stems, and roots 
are markedly reduced as seed development progresses. As the 
leaves become depleted of nutrients during seed-filling, the 
life span and rate of photosynthesis in such leaves is de­
creased, and, if the depletion is severe enou^ , "premature" 
death of the leaves may result. The roots also cease growing 
and may die during seed-filling. Because of the lack of 
sugar as a source of energy needed by the roots for nutrient 
uptake, coupled with the diminution or cessation of root 
growth to new areas in the soil, nutrient uptake by the roots 
is markedly reduced as seed development progresses, even in 
situations where adequate amounts of "available" nutrients 
exist in the soil. 
In soybeans, for instance, the nodules may die and 
slough-off early in the seed-filling period, resulting in 
cessation of symbiotic N fixation. A substantial amount of 
evidence strongly supports the information contained in the 
preceding paragraphs. 
Foliar fertilization of nutrients during this critical 
period could minimize these "self-destructive" processes of 
nutrient and photosynthate depletion from the leaves, thereby 
extending their life span so that photosynthesis could be 
maintained and continued at higher levels to boost yields. 
Adequate nutritional status of the leaves,geared towards the 
same goals of maintaining leaf integrity and increasing yields 
could also be achieved from foliar fertilization. However, 
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in general, foliar fertilization should be regarded as an 
adjunct to, rather than a substitute for, fertilization 
through the soil. 
The objectives of the work reported in this thesis were 
to investigate: 
1. The response of corn hybrids, grown under reasonably 
optimum conditions, to foliar fertilization with N, 
P, K and S during the grain-filling period. 
2. The effect of foliar fertilization with rates of N, 
P, K and S during the grain-filling period on corn 
grain yield and yield components. 
3. The effect of foliar fertilization with rates of N, 
P. K and S applied at different developmental stages 
of the plant on grain yield and yield components. 
4. The effect of foliar fertilization with N, P, K and 
S during the grain-filling period on the elemental 
composition of corn leaves and grain. 
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LITERATURE REVIEW 
Fertilizer Requirements of Corn 
Compared with all other economic crops, corn ranks hi^  
in the nutrient demand placed on the soil. Therefore, in 
soils of low nutrient status, the nutrients required by the 
plant must be supplied throu^ i fertilizer applications. The 
corn plant is most responsive to applied fertilizer, in spite 
of its prolific root system which may extend into the surface 
of the soil at least six feet when moisture and soil profile 
characteristics permit. Much of this nutrient requirement 
must be satisfied within a 40- to ^ 0-day period of rapid 
com growth. 
Yields of 120-200 bu/A of corn, for example, require 
large amounts of nutrients, particularly nitrogen, phosphorus 
and potassium. The crop requirement for each nutrienit will 
therefore be discussed separately. 
Nitrogen (N) 
The N requirements of corn are large, and few soils can 
supply these quantities unless the N from a previous legume 
crop has built up the soil's supply. Nevertheless, it is 
usually much more economical to use fertilizer N than 
legume N. 
The amount of N fertilizer needed for profitable yields 
of com where corn is grown continuously or in rotation with 
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soybeans depends on the desired yield level of the crop, the 
amount of release of nitrogen from organic matter, the re­
sidual N resulting from N applications in previous years, and 
the efficiency of usage of the applied N. 
Generally, there is a significant response of com yields 
to high rates of N fertilization. Responses to N in 
the range of 100-120 bu/A of com have been observed. These 
maximum responses to N are usually more easily attained with 
high plant populations per acre provided the other growth 
factors are optimal. 
Phosphorus (P) 
Corn does not require as much P as it does N. Some soils, 
especially those in the western Corn Belt, have enou^  avail­
able P so that there is little if any response to P fertilizers. 
Elsewhere, most corn is fertilized with a phosphate-containing 
fertilizer, either as a plow-under application, a row appli­
cation, or both. Rate of fertilizer P for corn may vary 
from 0-I50 lb of PgO^ /A depending on the extent of P de­
ficiency in the soil. A reliable soil test is important in 
determining and recommending the most economic rate of P 
fertilization. 
Potassium (K) 
Potassium is required in such large amounts by corn that 
many soils, particularly those in the eastern two-thirds of the 
Corn Belt, are unable to supply the demand. The amount of K 
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fertilizer required for most economic crop production varies 
from 0-200 lb/A depending on the available K levels in the 
soil. The soil test is a good indicator of the relative need 
for K fertilization. K is readily fixed in a relatively un­
available form in some soils. Therefore, to maintain the K 
fertility level of the soil, more K than the crop will use 
must be applied. 
Secondary nutrients and micronutrients 
Calcium (Ca) and magnesium (Mg) are required in modest 
amounts by corn. When soils are below pH 5-5 and have a low 
exchange capacity, Ca and Mg deficiencies may occur. This is 
particularly true when large amounts of K are used since in­
creases in K levels decrease the uptake of Ca and Mg. Liming 
the soil with dolomitic limestone will usually correct Mg de­
ficiency. Liming the soil to pH 6.5 or higher may also in­
crease yields due to reduction in toxic amounts of aluminum 
and manganese, and to an improvement in the general produc­
tivity of the soil. 
Zinc (Zn) is a micronutrient which has been found defi­
cient in some soils and corn yield increases have resulted 
from Zn fertilization. Severe Zn deficiency most frequently 
occurs on soils that have been leveled for irrigation so that 
com is grown on subsoil that has been compacted by heavy 
equipment. Zinc deficiency may also occur on calcareous 
soils and soils hi^ i in available P since hi^  P levels 
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induce Zn deficiency where Zn availability is marginal. Small 
responses to added Zn have been found, particularly when 
com yields are above 125 bu/A. 
Zinc fertilization is usually accomplished by adding 1-2% 
Zn to a mixed fertilizer and applying it at planting time. 
Rates of application vary from 2-10 lb Zm/k depending on the 
severity of the Zn deficiency. One application may correct 
the deficiency for several years. 
There are a number of other nutrients essential for com 
production, but they are almost always present in sufficient 
amounts to satisfy the requirements of the corn plant. These 
nutrients include boron, chlorine, cobalt, copper, iron, 
molybdenum, and sulfur. This, however, does not imply that 
com does not need to be fertilized with any of these nutri­
ents. It indicates that the likelihood of getting a re­
sponse on all except for a few exotic soils is rather unlikely 
at present. Very few observations of com yield response to 
additions of any of these nutrients have been made. For a 
detailed review of the relationship of these nutrients to com 
production, the reader is advised to read the book on com 
production edited by Pierre, Aldrich, and Martin (1966). 
Nutrient Composition, Mobility and Distribution 
Within the Corn Plant 
The nutrient or elemental composition of the corn plant 
is not well documented in the literature. Data for N, P, K, 
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Ca and Mg contents in different corn plant parts throughout 
the growing season can he found in few papers; but data on 
other elements like S, B, Zn, Cu. Fe, Mn, etc. are very 
scarce and probably nonexistent for some of these elements. 
Investigations show that the amountS' of essential as well as 
nonessential elements found in the plant depend upon many 
factors. These include the variety, its age and stage of 
development, the physical and chemical nature of the soil, 
kinds and amounts of soil amendments applied, methods of cul­
tivation, soil moisture conditions, climate, and plant popula­
tion. Beeson (1941) and Morrison (1951) have provided the 
most comprehensive data on the average nutrient composition 
of mature com. The approximate quantity of each element re­
quired, the pattern of its translocation within the plant 
during growth, and the final effects upon the composition and 
quality of the crop all have an important bearing in the 
determination of the nutrient needs of the crop and in de­
veloping and evaluating fertilizer and management practices. 
The relative mobilities of nutrients within the plant 
fall under four main categories: highly mobile, mobile, 
partially mobile, and immobile. Nitrogen, rubidium, potassium, 
sodium and cesium are highly mobile. Phosphorus, chlorine, 
and sulphur are mobile. Zinc , copper, manganese, iron and 
molybdenum are partially mobile, and boron, magnesium, calcium, 
strontium and barium are immobile (Bukovac and Wittwer, 1957; 
Bukovac et al., I96O; Burr et al., 1957; and Thellier, I96I). 
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The immobile elements tend to accumulate in the leaves during 
the growing season, but the highly mobile elements do not. 
Deficiencies associated with mobile elements usually appear 
first in the older leaves of a plant, while deficiencies of 
immobile elements appear first in the youngest leaves. 
The movement of ions within the plant occurs in the phloem, 
but there is also considerable transfer from phloem to xylem, 
which results in simultaneous acropetal movement in the xylem 
and basipetal movement in the phloem. Redistribution of salts 
seems to be controlled largely by the relative metabolic activi­
ties of various parts of the plant. According to Williams (1955). 
minerals tend to move from older leaves to younger leaves, 
reproductive structures, and other metabolically active regions. 
A group of workers, Jones and Huston (1914), Radu (1937)• 
and Sayre (1948), found that the pattern of nitrogen accumula­
tion in the whole com plant parallels, or sli^ tly precedes, 
the pattern of dry matter production until sometime following 
tasseling and silking. Sayre, for example, reported that 
one-month-old plants contained about 3.5 lb N/A. Ten days 
later when the dry matter production was increasing rapidly, 
the plants had accumulated 15 lb N/A. At about silking 
time, during most rapid dry matter production, the plants were 
accumulating 4.0 lb N/A/day. Following tasseling and silking, 
the pattern of N uptake was not clear-cut and apparently 
depended upon the K supply available in the soil and upon 
other factors affecting absorption. Sayre noted that N 
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accumulation in the whole plant, after reaching a peak about 
silking time, continued for another four weeks and then 
stopped somewhat abruptly. Jones and Huston observed that 
the silking peak was followed by a decreased rate which again 
became high at about the time the kernels began to glaze. 
Whitehead et al. (1948), and Jordan et al. (1950) all ob­
served accumulation until maturity. Glover (1953), using 
sand cultures, found N absorption decreased during the setting 
and ripening of the grain, quickly falling off to a very low 
level before harvest. 
Nitrogen accumulates rather rapidly in the grain until 
maturity. This was accomplished in large part through move­
ment and depletion from other plant parts: the cob, the 
leaves, and stems, and a considerable amount from the husks 
(Jones and Huston, 1914; Sayre, 1948; and Jordan et al., 
1950). Whitehead et al. (1948) observed, during growth, that 
the total N contents of leaves, sheaths, shanks, and tassels 
reached maxima and then decreased, the net loss being at­
tributable to N movement to the grain in the ears. 
Phosphorus accumulates in the whole plant at a fairly 
continuous rate until maturity (Hornberger, 1882; Jones and 
Huston, 1914; Radu, 1937; Sayre, 1948; Jordan et al., 1950; 
and Glover, 1953)* As with N, the period of most rapid 
accumulation occurs at silking. The greatest rate of P 
accumulation usually parallels the period of most rapid dry 
matter production. As pollination approaches," P starts to 
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migrate into the developing but yet seedless ear (Barley and 
DeTurk, 1944; DeTurk et al., 1933). and then accumulates 
rapidly in the grain until maturity. The leaves, stalk, husk, 
and cob lose P to the grain. DeTurk et al. (1933) observed a 
much greater transfer of P from roots to tops than the amount 
of phosphorus actually absorbed from the soil as the repro­
ductive phase approached. Also, throughout the growth period 
preceding pollination, a gradual decrease in P concentration 
was noted in the tops due to more rapid production of plant 
tissue as compared with the rate of P uptake from the soil. 
Studies with radiophosphorus have shown that translocation of 
inorganic P absorbed either through the roots or foliage may 
be quite rapid. For example, Brewer and Bramiey (1940) de­
tected radiophosphorus in the second leaf of 12-inch plants 
5 minutes after such plants were transferred to nutrient 
solutions containing radiophosphorus. Moore (19^ 9) observed 
labelled ions in all parts of the plant within 2 hours after 
adding radiophosphorus to the nutrient medium. Wittwer and 
Lundahl (1951) noted translocation to the roots and to non-
treated leaf portions of com seedlings within 2 hours after 
radiophosphorus was applied to the base of leaf sheaths. 
However, the reports on the distribution of absorbed radio­
phosphorus are somewhat conflicting. Brewer and Bramley 
(1940) found that radioactivity was more intense in the bottom 
leaf during the initial period following transfer to nutrient 
solutions containing radiophosphorus. Rabideau et al. (1950), 
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on the other hand, noted the radiophosphorus accumulation was 
greatest in those regions of the plant where growth was most 
rapid, including the tips of terminal leaves. Sayre (1952a) 
obtained no difference in radiophosphorus accumulation 
anywhere in the leaf. 
Potassium translocation and accumulation differ in sev­
eral respects from N and P. Most striking is the actual loss 
of K from the com plant as maturity is approached (Hom-
berger, 1882; Jones and Huston, 1914; and Sayre, 19^ 8). This 
loss occurs chiefly from the leaves, stalks, and husks. This 
is not surprising because most of the K in the plant is in 
water-soluble form (Morris and Sayre, 1935; and Wadlei^  and 
Shive, 1939). Notable also is the lack of K accumulation in 
the grain. Sayre (1948) found that potassium accumulation 
in the whole plant reached a maximum about three weeks after 
silking, followed by a loss at maturity. Hornberger (1882) 
and Jordan et al. (1950) showed accumulation of K until four 
weeks after silking. Jones and Huston (1914) noted very rapid 
absorption in the two-week period preceding tasseling and 
silking followed by a period of relatively slow absorption 
and then a period of rapid absorption at the time of greatest 
starch formation in the grain. 
Hanway (1962b) found similar results as those contained 
in the preceding paragraphs in his work with com. He noted 
that N accumulated in each plant part as that part grew. The 
total amount of N in the leaves remained relatively constant 
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from mid-July, when the leaves had nearly completed growth, 
to mid-August. During this period, the leaves contained 
approximately 30% of the total N accumulated by the plant 
even thou^  they constituted only about iy% of the final dry 
matter accumulation. At maturity the grain contained about 
three-fourths (varying from 62 to 70%) of the total N in the 
plant. About one-half of the N in the grain at maturity ap­
peared to be N that had been lost throu^  translocation from 
the above-ground parts of the plant. 
The amount of P in the leaves during the major part of 
the season amounted to 15 to 20% of the total P taken up by 
the plant. A large proportion, about three-fourths (72 to 
80%), of the total P in the plants was in the grain at maturi­
ty. The distributions of N and P in the different plant parts 
were very similar throughout the growing season. 
The patterns of K distribution are different from those 
for N and P. Potassium uptake was very rapid early in the 
season and slower late in the season. There was much less 
loss of K from other plant parts through translocation to the 
grain than occurred with N and P. About ^ 0% of the total K 
taken up by the plants was found in the leaves at mid-July. 
At maturity, the grain contained about one-third (31 to ^ 0%) 
of the total K in the plants. 
A comparison of the distribution patterns of N, P, and 
K in all plant parts other than the grains showed that a 
relatively hi^  proportion of the N is found in the leaves 
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prior to grain formation period. Between silking and grain 
formation some N was translocated from the lower leaves and 
some N was lost from the tassels, probably in the shed pollen. 
After grain formation began, most plant parts lost N by 
translocation to the grain. A smaller proportion of the P 
than of the N was found in the leaves and a sli^ tly larger 
proportion of the P was in the stalks. Prior to grain forma­
tion, only the tassels showed any loss of P. A much larger 
proportion of K than of N or P was found in the cob, shank, 
ear shoots, silks, and husks. Loss of K from the leaves 
appeared to have commenced in these plants prior to silking 
and this loss continued to maturity. However, much of this 
late season loss of K by the leaves, rather than being lost 
from the plants, accumulated in the stalks. There was also 
evidence of K accumulation in the ear shank during this 
period. This late season accumulation of K in the shanks 
and stalks has apparently not been found in other studies. 
Hanway (1962b) further noted that the accumulation pattern 
of P was similar to that of dry matter accumulation except 
that it was more rapid early in the season. The accumulation 
of P was very nearly linear from early July to early Septem­
ber. Early season accumulation of N was relatively greater 
than that of P, and N uptake continued at more rapid rate 
during early July. The rate of N accumulation decreased 
somewhat after mid-July but accumulation continued until 
maturity. The relative rate of K uptake exceeded even that 
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of N early in the season and continued very rapidly until 
silking time. However, K accumulation continued at a slow 
rate until near maturity. 
On July 2, when the stalks had just begun to elongate, 
the plants had accumulated 6^ 5 of the total dry weight and 
10, 17. and ZOfo of N, P, and K, respectively. At silking 
time, July 29. the relative amounts accumulated were 44, 50, 
65, and 75?^  of total dry weight, N, P, and K, respectively. 
According to Hornherger (1882), the accumulation of Ca 
and Mg in the plant did not follow the pattern of dry matter 
accumulation. Instead, the rates of uptake were hi^ est at 
tasseling and silking, and by that time the plant had accumu­
lated most of its Ca and Mg. Sayre (1952b) noted that Mg 
continued to accumulate somewhat after tasseling and silking 
as contrasted with little or no increase in Ca accumulation. 
Duley and Miller (I92I) observed that the total Ca in the 
leaves increased as the plant grew older, and this is in 
contradiction with Homberger's (1882) leaf data. Sayre 
(1952b) using radioautographs found Ca to accumulate evenly 
in all parts of the leaf blade. 
Apparently, only Homberger (1882) had studied the trans­
location of S in the whole plant. He noted the highest rate 
of S uptake at tasseling. Relatively large amounts of S 
moved into the tassels and ears, and later into the cobs 
and kernels. 
Sayre (1952a) using r adi o auto graphs showed that the leaf 
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veins were lower in S than the tissue "between them. 
According to Viets et al. (1953). Zn accumulation occurs 
to a greater extent in the upper, younger leaves than in the 
older, lower leaves. They "believed this to "be an indication 
of ready mobility of Zn and its translocation from older to 
younger leaves. Radio auto graphs "by Stout and Pearson, 
reported by Ulrich (1952), showed that Zn accumulated in the 
growing points and in the nodes. Shaw (1952) also found high 
concentrations of radio zinc at the node locations. Shaw et 
al. (195^ ) noted that Zn was not readily translocated within 
the plant, particularly when the soil was adequately supplied 
with Zn. 
A number of investigators have noted iron and aluminum 
accumulation in the nodal tissues during growth. Sayre 
(1930) noted that iron accumulated only at the nodal plates 
of com stems, and only in the bundle sheath and outer layers 
of pith cells around the bundle. 
In summary, it can be stated that at maturity, the com 
grain contains over half of the total N in the plant and 
about three-fourths of the P. Calcium and silicon are largely 
concentrated in the leaves with very little occurring in the 
grain. Magnesium, on the other hand, occurs in some quantity 
in the grain as well as in the leaves and stem. About one-
fourth of the K and one-fourth of the S are found in the grain 
and most of the remainder in the stem and leaves. Copper is 
about equally divided between the grain and the stem and 
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leaves. As a general rule, the grain is less subject to 
variations in elemental composition than is the stover, since 
both organic and inorganic reserves are directed to the grain. 
Furthermore, the grain is quite selective in the elements it 
accumulates. 
Corn Growth and Dry Matter Accumulation 
The accumulation of dry matter in the com plant tends to 
follow the characteristic sigmoid-shaped curve (Bair, 1942). 
Dry matter production is slow immediately following seedling 
emergence and then accelerates rapidly until the end of the 
first 40 or 50 days. For the next 50 to 60 days, dry matter 
accumulates rather uniformly, but drops off rapidly as 
maturity is approached. Jordan et al. (1950) observed that 
dry matter elaboration approached linearity when large amounts 
of nitrogen fertilizer were applied. 
Sayre (1948) in Ohio found the maximum rate of dry mat­
ter production between July 26 and August 4, during which 
time, tasseling and silking took place, and increase in 
hei^ t had ceased. At tasseling and silking, approximately 
one-half of the final dry weight of the plant had been pro­
duced. The maximum weight of the leaves and stalks was 
reached about August 22, although the maximum leaf area had 
occurred earlier. After grain formation started, all of the 
dry matter produced passed into the grain with only a little 
loss from other tissues of the plant except the husks. 
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Miller (1943) in Kansas noted during the first week fol­
lowing emergence, that leaves accounted for almost 100^  of the 
dry matter of the plant. During the second week, the stem 
began to contribute a larger proportion of the wei^ t, and 
between the eighth and ninth weeks, the stem and the leaves 
comprised an equal portion of the total dry weight. During 
the next five weeks, the dry weights of the stems increased 
rapidly, much faster than the leaves. The ear reached its 
maximum dry weight at the end of the I4th week, while the 
husks attained this maximum at the close of the 13th week. 
As maturity was approached, leaves accounted for 20.5?5; 
the stem, 34#; and the ear, 32# of the total dry weight. 
Hanway (1962a) in Iowa obtained similar results in his 
studies of dry matter accumulation and its distribution in 
various parts of com plants. He noted that at maturity, 
the leaves accounted for about 10#; the stalk and tassel, 
about 22#; the cob, husks, silks, shank and ear shoots, about 
15#; the leaf sheaths, about ?#; and the grain, about 45# of 
the total dry weight. 
Kiesselbach (1950) found that leaf area increased in a 
sigmoid-shaped curve from emergence until about silking, 
after which leaf growth stopped abruptly. 
Root growth apparently is most rapid in the period pre­
ceding tasseling and silking. Loomis (193^ ) reported that 
plants developing normally made comparatively little root 
growth after this time. Weihing (1935) observed that the 
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full nimber of functional roots was attained at tasseling; 
however, the length and depth of penetration of the main 
roots increased to maturity. 
Pearl and Surface, 191$, cited by Nelson (1956), divided 
the growth of the corn plant into four cycles. The first, or 
root cycle, is marked by a rapid increase in the root system; 
the second by a rapid increase in leaf area; the third by the 
development of the reproductive organs; and the last by the 
development of the ear and its maturation. 
Hanway (1971 ). in his study of how a com plant develops, 
identified 11 (0-10) major developmental stages of com growth, 
excluding the intermediate stages. Stage 0 is the stage at 
which the plant tip emerges from the soil. At stages 1-51 
that is, 2, 4, 6, 8 and about 9i weeks after plant emergence, 
respectively, the following sequential developmental changes 
had occurred: 4, 8, 12, 16 leaves were fully emerged, and 
silk emergence and pollen shed, respectively. At stages 6-10, 
that is, 12, 24, 36, 48, and 60 days after silking, respec­
tively, the following had occurred: the kernels were at 
blister, dough, dent, and fully dented stages, followed by 
physiological maturity, respectively. 
Grain Yield and Yield Components 
In com grain, under optimal growing conditions, yield 
is a function of the number of fruiting stalks, the number of 
ears per stalk, the number of kernels per ear and grain size. 
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The number of fruiting stalks is fixed by plant population 
per acre and the number of ears per stalk is fixed by plant 
genotype. The most variable component is number of kernels 
per ear, and it is influenced by several factors. 
Grain yield at harvest may be determined either by the 
kernel capacity established at pollination or by the quantity 
of photosynthate made available between pollination and 
maturity. The number of kernels per ear and the number of 
ears that can develop are established at or shortly after 
pollination and no more can develop later. The kernels of 
most varieties are limited as to their maximum wei^ t, so the 
number of kernels available may limit yield regardless of 
how favorable growing conditions may be subsequent to pollina­
tion. The number of ears at silking is related to the maximum 
number of kernels per ear of the genotype. In general, a 
cultivar with fewer kernels per ear will have more ears, 
other conditions being the same. Grain yield potential at 
an thesis is a function of the prior growth of the plant. 
Thus, plants grown under less competition, have higier poten­
tial yields than those from dense plantings. On some ears, 
there are very small kernels just above the normal kernels 
that have obviously undergone some development and then later 
arrested. This suggests that there is some mechanism which 
inhibits kernel growth even after development has started. 
This might occur if conditions deteriorated shortly after 
grain filling commenced. There are also cases where kernels 
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on the upper half or more of the ear are shrivelled but this 
is usually due to severe drou^ t or leaf destruction or 
nutrient deficiency, especially of K (Duncan, 1975)» 
Mechanisms of Foliar Absorption of Nutrients 
All external and internal surfaces of aerial plant parts 
are covered with a fatty lipoidal layer known as the cuticle. 
The cuticle is the first barrier which must be traversed 
before a foliar-applied chemical can contact living plant 
protoplasm. Stomatal penetration, when it occurs, is not 
equivalent to absorption; nor does it preclude the necessity 
for cuticular penetration, since substances in the inter-
cellxilar spaces still must pass throu^  a layer of cutin and 
the cell wall (Scott, 1950; and Van Overbeek, 1956). 
The outer or exposed side of the cuticle of many leaves 
is covered with minute wax projections which migrate onto 
leaf surfaces (Hall and Jones, 1961; Juniper, I960; and 
Schieferstein and Loomis, 1956). Wettability of an applied 
solution in the absence of a detergent is negatively correlated 
with the amount and nature of the wax present. Cracks and 
other imperfections in the cuticle may cause a ready penetra­
tion of foliar-applied substances into and through the cuticle 
(Martin, I96I; and Orgell, I955). 
Wittwer and Teubner (1959) have suggested an intracuticu-
lar passage of foliar-applied substances. Okuda and Yamada 
(1961) studied the permeability of isolated cuticle to various 
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nutrient ions. They found that penetration was linear with 
time, typical of simple diffusion, and independent of the 
presence of stomata. Cuticles were generally 
more permeable to cation than to anions. Thus, while the 
cuticle is a barrier to the penetration of foliar-applied 
nutrients, it is not impenetrable. The adherence of aqueous 
droplets and permeability of the cuticle is greatest when it 
is thin and hydrated. Hydration of the cuticle causes swell­
ing and a spreading apart of the wax platelets interspersed 
throughout the cuticle, resulting in facilitation of penetra­
tion of foliar-applied substances. When the cuticle is dry 
either from a lack of moisture in the plant or from absence of 
moisture on the leaf surface, the framework constricts and 
impedes entry (Martin, 1961; and Van Overbeek, 1956). It is 
well known that foliar absorption is most rapid in the 
presence of leaf surface moisture (Bukovac and Wittwer, 1961; 
Mederski and Hoff, 1958; Volk and McAuliffe, 195^ ; and Withee 
and Carlson, 1959). 
After absorption and penetration of the cuticle is ac­
complished, there is still another barrier to penetration, 
the cell wall and the plasma membrane (or plasmalemma). 
Dybing and Currier (I96I) indicated that preferential pathways 
for absorption through leaf surfaces include epidermal cells 
above veins, leaf hairs, anticlinal walls of epidermal cells, 
and stomatal guard cell walls. Franke (1957, I960, 1961a) 
showed that the above loci are consistently equipped with the 
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greatest number of ectodesmata (fine structures in the outer 
walls of epidermal cells). Turgid leaves contain more ecto­
desmata than wilted leaves, and the number is much greater 
during the night and early morning, than during the daylight 
hours. Furthermore, foliar absorption is generally favored 
where stomata exist or occur in large numbers. Ectodesmata 
likewise occur regularly and in large numbers in and around 
the stomatal guard cells. According to Bukovac and Wittwer 
(1961) and Volk and McAuliffe (195^ ). light brushing of leaf 
surfaces greatly facilitates foliar uptake. This may be ex­
plained by the removal of surface wax (Hall and Jones, I96I) 
and the breakage of hairs. 
After nutrients have penetrated into the ectodesmata, 
transport through the epidermal cell wall and in the ectodes­
mata may proceed by diffusion or by an active energy-requiring 
process. Dybing and Currier (I96I) stated that under normal 
conditions the stomatal cavities are filled with air and do 
not permit entry of water. But solutions containing surfac­
tants, however, enter readily. Once the solutions are within 
the leaf, but not within the cells, penetration through the 
surrounding epidermal cell walls is favored by high frequency 
of ectodesmata, a thin cuticle, and large surface areas. 
Thus, in practice, wetting agents or detergents may aid foliar 
absorption in two ways: (a) the contact angle of the drop­
lets with the external waxy cuticular surface of the leaf may 
be lessened, and (b) penetration into the stomatal cavity 
25 
becomes a reality by greatly increasing the available absorb­
ing surface. Hinsvark et al. (1953) and. Wittwer and Teubner 
(1959) noted that with the possible exception of urea-N, the 
mechanisms of nutrient uptake by the leaves parallel those 
for roots. Uptake of salts by plant cells is controlled by 
many internal and external factors. With the leaf there is 
the added complication of a cuticle with surface wax deposits 
which vary with species, environment, and age. Even with the 
same leaf, the two surfaces vary not only in cuticle thick­
ness and the nature and extent of wax deposits, but in the 
presence or absence (hypostomatic) and frequency (amphosto-
matic) of stomata. 
Two phases are generally distinguished in the uptake of 
nutrients by plants. The first is the initial nonmetabolie 
process, which with the leaf surface may be sorption, ex­
change, or diffusion, or a combination of all. Both inter-
and intracuticular penetration are conceivably important in 
this step. Similarly some penetration through the epidermal 
cell wall is a possibility. Initial foliar absorption for all 
nutrients is extremely rapid. Sudia and Linck (i960) have 
reported that some epidermal penetration of radiophosphorus 
occurs in less than five seconds for the leaves of wheat or 
oats. Bukovac and Wittwer (1957 ) and Wittwer and Teubner (1959 ) 
reported that the initially rapid uptake is much greater for 
calcium than for phosphorus, and generally higher for cations 
than anions in bean leaves. This supports the cuticular 
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penetration data of Okuda and Yamada (I96I). Similarly, 
nonpolar undisassociated molecules of urea enter even more 
readily than cations. It would appear that both diffusion 
and exchange constitute basic processes in the initial uptake 
of all substances by leaves. Apparently, passive absorption 
is greatest with urea-N and the cations, and least for the 
anions (chloride, phosphate, and sulfate). Rapid initial 
diffusion of nutrients into leaves is supported by the find­
ings of Kylin (1960c) in which the apparent free space (AFS) 
for green leaf tissues of several species was determined. A 
high moisture content of the leaf surface not only changes the 
physical properties of the cuticle, but may increase AFS dif­
fusion potential from foliar-applied nutrients. 
The second phase in nutrient uptake is an active one in 
which irreversible accumulation against a gradient occurs 
over a long period of time. There is now a considerable 
body of evidence that an important role is played by active 
mechanisms, particularly in anion absorption through leaf 
surfaces. Absorption is temperature dependent, requires a 
source of energy, and may be altered by metabolic inhibitors 
(Arisz, 1958; Kylin, 1960a,b; Teubner et al., 1957; and 
Van Lookeren Campagne, 1957). 
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Factors Affecting the Foliar Absorption of Nutrients 
The absorption of nutrients by leaves is affected by 
several factors. Among such factors are those intrinsic to 
the plant itself, such as leaf age and physiological develop­
ment, leaf surface and thickness and varietal differences 
within the plant. Other factors include the nutrient compo­
sition and pH of the solution applied, the addition of sugars, 
surfactants and growth substances, the relative humidity and 
air temperature, the moisture and nutrient status of the soil, 
and the contact angle and surface wetting. All of these 
factors will be briefly discussed in the following paragraphs. 
Leaf age and physiological development, leaf surface and 
thickness, and varietal differences within the plant 
One of the most important variables in nutrient absorp­
tion by the leaf is the leaf itself. Volk and McAuliffe 
(195^ ) working on the foliar absorption of labelled urea 
by tobacco reported that leaf maturity had little effect on 
urea absorption if the relative leaf position was the same. 
But very young plants did absorb more N than did the more 
mature plants. Wittwer and Lundahl (1951) found that the 
absorption efficiency of nutrients by young, expanding leaves 
was relatively greater than that of full-grown, mature leaves 
of various vegetable crops. Ahlgren and Sudia (1964) found 
that the absorption of by both soybean leaves and cotyle­
dons was greatest in immature leaves and decreased with 
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increasing leaf age vintil a fairly steady state was achieved. 
They found that immature trifoliate leaves did not export 
absorbed P, suggesting that the nutrient was utilized by the 
growing leaves and was, therefore, not available for trans­
location. Transport of P^  ^also decreased with an increase in 
leaf age, but to a smaller extent. Fisher and Walker (1955) 
measured higher rates of absorption in young than in old 
leaves of Mcintosh apple. However, Ananth (I96I) reported 
that the age of coffee leaves had no effect on the rate of 
P absorption. 
Burr et al. (I956), Ursulenko (1958), and Kaindl (1954) 
reported a greater penetration of pesticides and nutrients 
through the lower leaf surfaces than through the upper leaf 
surfaces. The explanation for this is that in most plant 
species the lower leaf surface possesses a thinner cuticle 
and greater number of stomates than the upper surface of the 
leaf. Takahashi and Yoshida (1958) also reported a greater 
absorption on the upper leaf surface than the lower leaf 
surface of tobacco plants. 
Gustafson (1956) explaining the differences in rate of 
foliar absorption among species suggested that number of 
stomatal pores vary among species, and they function as the 
primary sites of entry into the leaf. There is, however, 
considerable controversy on this point (Weaver and DeRose, 
1946; and Heymann-Herschberg, 1955)• 
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Addition of surfactants, growth substances, sugars and other 
substances 
The effect of surfactants or wetting agents on the foliar 
absorption of nutrients is variable depending on the nature 
of the penetrating solute and the type of surfactant. Swanson 
and Whitney (1953) found a 90?^  reduction in the translocation 
of in bean plants from a foliar application of P in the 
presence of Tween 80 (polyoxyethylene sorbitan mono-oleate). 
Fisher and Walker (1955) obtained a sevenfold increase in the 
apparent absorption of P by Mcintosh apple leaves with the 
addition of Triton X-100 to a KHgPOjij^  spray solution. Ap­
parently, some wetting agents form a complex with some phos­
phate compounds. The presence of wetting agents in foliar 
solutions cause them to spread very uniformly on the leaf 
surface, and consequently, dry rapidly three times faster than 
the controls or the wetting agents of poor spreadability. 
Probably by using a wetting agent that produces a uniform 
spread, a higher concentration of P could be applied before 
injury from excessive phosphate occurred. But in many cases 
this would be more than offset by the smaller volume that 
could be retained on the leaf surface by complex formation 
and rapidity of drying. Koontz and Biddulph (1957) worked 
with ei^ t different surfactants and reported that none in­
creased, but two (Tergitol 7 and Vatsol 0TB) decreased the 
percentage of P translocated in one day from the leaves of 
the red kidney bean plant treated with 10 mM NaHgP^ O^j^  solu­
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tion. Currier and Dybing (1959) reported that Tween 80 had 
no effect in increasing phosphorus penetration into bean 
leaves. Roldan et al. (I968), working with 0.1# concentra­
tion of wetting agents, found that the uptake of P "by sugar 
cane leaves was decreased by these agents. The decreasing 
order of phosphorus uptake was Tergitol, Sterox (agricultural 
surfactant), Altox 210, Triton X-400, Altox 209, and glycerol 
(a humectant that prevents the complete drying of sprays 
from the leaves). 
Borou^ s and Labarca (1962) attributed the enhancement of 
foliar absorption associated with the addition of detergents 
to both the reduction of the contact angle on the exterior 
leaf surface and the facilitation of entry into the stomatal 
cavity. They measured an increased absorption of by 
cotton plants, using several surfactants of 0.1^  concentration. 
Bukovac and Wittwer (I96I) found that pretreatment of 
bean plants with specific growth substances altered foliar 
absorption and transport of some nutrients. Maleic hydrazide 
reduced the uptake of P^  ^and gibberellin and their subsequent 
transport to the roots. Additions of 0.001^  heteroauxin or 
2,4-D to NPK foliar sprays on tomatoes resulted in higher 
yields than NPK spray alone (Kovalik, I969). 
The addition of sugars to foliar sprays has been used 
as a means of reducing or eliminating "leaf bum" due to the 
presence of urea and orthophosphates in the sprays, and en­
hancing the absorption of the nutrients applied. Yatazawa 
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and Higashimo (1953%) reported that a 55S solution of fructose, 
sucrose and glucose increased P absorption by wheat plants 
threefold. They attributed this to the formation of phosphate 
esters in the presence of inorganic phosphate. But Tuebner 
et al. (1957) found that additions of sucrose to foliar 
sprays reduced the absorption but enhanced the transport of 
nutrients from the leaves of plants low in sugar content. 
The addition of sucrose to urea has been reported to decrease 
the "leaf burning" effect of urea. Barel (1975) supported 
this finding and suggested that the sucrose forms a syrup as 
the water evaporates, preventing the urea from attaining toxic 
levels through decomposition into ammonia. Ellerton and 
Dunlop (1966) found that urea forms urea-urea and urea-sucrose 
dimers in solution, reducing the toxicity due to solutes 
effect in increasing the solute potential of the solution on 
the leaves. Moreover, urea and sucrose form neutral solutions 
and neither sucrose nor urea is ionic. Emmert and Klinker 
(1950), working with tomatoes, and Cook and Boynton (1952) 
with apple have found that the addition of sucrose to a urea 
spray of injurious concentration delayed or eliminated 
leaf injuries that occurred in the absence of sucrose. 
The two latter studies gave evidence that the reduction 
in urea injury caused by the presence of sucrose in the 
solution was associated with the reduction in absorption 
of urea N. While this may well have been a causal 
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relationship, it is also possible that part or all of the 
sucrose effect in reducing urea injury may have been the re­
sult of changes in metabolism of the leaf cells that resulted 
from sucrose absorption and made them less subject to such 
injury. 
Parker (1934, 1935» 1937) in his studies of Zn deficiency 
of citrus, and Dickey et al. (1948) in their studies of copper 
(Cu) deficiency of tung, added lime to Zn sulfate and Cu sul­
fate sprays, respectively, to cause precipitation on the 
surfaces of leaves and insure slow absorption of the Zn and Cu. 
Fisher and Cook (1950) and Fisher (1952) reported that urea 
sprays are more rapidly and efficiently absorbed than Epsom 
salt sprays. Besides these observations, Montelaro et al. 
(1952b) found that the injury caused by urea sprays 0.3 M to 
0.5 M concentration to leaves of tomato could be greatly re­
duced by the addition of MgSO^ ,^ (as Epsom salts) at O.15 M to 
0.90 M concentration. Conversely, an unpublished study by 
David Walker at Cornell University has indicated that the 
addition of urea to Epsom salts sprays in a Mcintosh apple 
orchard showing Mg deficiency resulted in improvement of con­
trol of the difficulty over that obtained with Epsom salts 
sprays containing no urea. Not only are urea sprays absorbed 
more rapidly than sprays of Epsom salts, but each of these 
compounds influences the absorption of the other when the two 
are mixed in the spray solution. Haas (1949) was able to 
eliminate injury to lemon foliage caused by high concentra-
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tions of urea when he added lime to the solution. Mack and 
Shaulis (1947) reduced urea injury to grape leaves by combin­
ing the urea with bordeaux mixture (Cu sulfate plus hydrated 
lime), suggesting that Ca and Mg salts may have reduced ab­
sorption of urea as a result of divalent ion effects on 
permeability through the leaves. 
Nutrient composition and pH of solution applied on the foliage 
According to Boynton (195^ ). there are differences in the 
rates of absorption and translocation of nutrient elements 
sprayed on leaves—differences that are related to the solu­
bility of the compounds containing them, the ionization and 
activity of the molecules in relation to the absorbing cells, 
and the mixtures of chemical compounds applied in the spray. 
Boroughs and Labarca (1962) found that the absorption 
and translocation of P was greatest where the phosphate was 
accompanied by ammonium, less with sodium, and least with K. 
They measured absorption of ? from by coffee 
within 18 days. Teubner et al. (1957) reported maximum ab­
sorption of P with ammonium as a carrier. Roldan et al. 
(1968) confirmed these results. Yamada et al. (1965) found 
that urea enhances not only its own absorption, but also that 
of other cations and anions. Although urea did not accelerate 
cellular absorption of P, it seems as if it significantly in­
creases the uptake of many nutrient ions by leaves. With 
cations, this apparently occurs at both the cuticular and 
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cellular levels. Mukherjee et al. (I966) and Okuda and 
Yamada (I962) independently confirmed that the effectiveness 
of P sprays was greatly enhanced by the presence of urea in 
the spray solution. However, this was negated by 
Chu and Ku (I966) who found that the addition of urea 
to phorphoric acid sprays on apples had no effect 
on P uptake. Barel (1975) indicated that the beneficial ef­
fects of the addition of urea to solutions containing phos­
phates lie on the increase in absorption and decrease in "leaf 
bum" , and this is probably due to urea-phosphoric acid bond­
ing. This bonding might aid the penetration of phosphoric 
acid in the leaves. He further indicated that urea neutralizes 
the phosphoric acid after it has been hydrolyzed into ammonium 
by urease inside the plant cells. 
Maximum uptake of P occurred from solutions of pH 2 to 
3 with ammonium ion as P carrier (Teubner et al., 1957; and 
Okuda et al., i960). Okuda et al. (i960) also reported maxi­
mum P absorption at pH 5-6 to 6.2. Yeh (I967) also reported 
that the rate of P absorption was greater at pH 2 than at pH 
3 or 4 regardless of the P source. Chu and Ku (I966) found 
that with a solution pH of 3. the proportion of P^ O^^  remaining 
in the treated rice leaves was lower than at any other pH 
value tested. Gardosa and Boroughs (i960) reported that the 
absorption and translocation of P^  ^by young cacao plants 
were affected by pH, the hi^ est absorption and translocation 
occurring between pH 5 and 6 and the lowest at pH 7« Teubner 
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et al. (1957) reported that although the effects of pH upon 
foliar uptake of cations has not been studied extensively as 
with phosphate, the uptake of both and Rb®^ , applied to 
bean leaves as the chloride, phosphate or citrate at pH levels 
of 2, 4, and 8, was considerably lower at pH 4 than at 2 and 
8; comparable in this respect to phosphate absorption. While 
maximum phosphate absorption occurred at pH 2, absorption of 
K and Rb was greatest at pH 8. 
Relative humidity and air temperature 
Boynton (195^ ) stated that variations in temperature and 
vapor pressure deficit influence the absorption of nutrients 
by leaves because they affect the rate of drying and the 
opportunities for establishment of a liquid film at the leaf 
surface. Cook and Boynton (1952) found that there were sig­
nificant linear correlations both between air temperature and 
absorption and between relative humidity and absorption in 
42 experimental determinations during which they were studying 
the effects of various factors on absorption of urea solu­
tions by apple leaves. Both of these correlations were 
negative, indicating that when relative humidity and tem­
perature combine to decrease the vapor pressure gradient at 
the leaf surface, greater absorption may be expected. Un­
doubtedly, these relationships involve more than the initial 
effects of vapor pressure gradient on visible drying of solu­
tions on the leaf. Absorption of nutrient sprays takes place 
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over considerable periods of time, and occurs when the leaf 
surface appears to be dry. It may well be that thin aqueous 
films resulting from transpiration are frequently more im­
portant in promoting absorption of nutrient sprays than is the 
water of the solution originally sprayed on the leaves. 
Time of day of nutrient application, moisture and nutrient 
status of the soil 
Several workers reported that spraying in the evening is 
the best because drying of nutrient sprays on the leaf is 
slowest. Dew formation in the morning remoistens the residue 
of unabsorbed salts and enhances their subsequent absorption 
(Kaindl, 1953; Koontz and Biddulph, 1957; and Rid, 1964). But 
Teubner et al. (1957) found that the absorption of nutrients 
by leaves is generally greatest during dayli^ t. 
A favorable water balance within the plant is an impor­
tant factor affecting foliar absorption and translocation of 
nutrients. Van Overbeek and Bloudeau (1954) stated that the 
swelling of polar cutin due to water supply causes the wax 
components of the leaf to spread farther apart, enhancing 
the permeability of the cuticle to water and water-soluble 
solutes. Pallas and Williams (1962) found that the absorption 
of by plants occurred when plants were not under moisture 
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stress, and P^  translocation was ei^ t times greater at one-
third atmosphere moisture tension than at three atmospheres 
tension. 
Because foliar fertilization is only an adjunct to 
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fertilizer applications through the soil, the nutrient status 
of the soil must be maintained at optimum during the early 
stages of the development of the plant to fully benefit from 
foliar fertilization. 
Contact angle and surface wetting 
While ultimately aqueous solutions of nutrients sprayed 
on leaves must penetrate living cells in order to be 
metabolized by them or translocated within the plant, the 
initial entry may be via the stomatal apertures to the cells 
of the mesophyll as well as directly through the cuticle and 
into the cells beneath it. In order for penetration of 
cuticle or stomates by a liquid to occur, the leaf surfaces 
must first be wetted. The ability of a liquid to wet a solid 
surface is a function of its contact angle on the surface 
which depends on the surface tension of the liquid and the 
nature of the solid surface. Fogg (19^ 7) found great differ­
ences in the contact angles of water on leaves of different 
species, and these differences were due to the age of the leaf 
and leaf water content. However, the differences were due to 
two major variables, viz, variations in surface conformations 
and pubescence, and variations in the composition of the 
cuticle. These and similar studies suggest that some of the 
reported variations in absorption of aqueous solutions by 
leaves may have been the result of differences in wetting of 
the external surface due to characteristics of the cuticle. 
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and differences in surface tension of the solution. 
Sources of Nutrients Used in Foliar Fertilization 
The most widely used nutrient spray material in crop pro­
duction is urea. It is applied either singly or in combina­
tion with many formulated mixtures. Its rate of entry through 
the leaf and metabolism varies greatly with plant type, 
species, and a multiplicity of internal and external factors 
(Boynton, 195^ ; Burr and Takahashi, 1955; Cain, 1956; Dilley 
and Walker, 1961; Freiberg and Payne, 1957; Hinsvark et al., 
1953; Isaacs and Hester, 1953; Volk and McAuliffe, 195^ ; and 
Wittwer and Teubner, 1959). Its nonpolar nature facilitates 
rapid uptake, and it is highly mobile throu^ out the plant. 
Although foliage tolerances to spray concentrations expressed 
in pounds per 100 gallons of water or pounds per acre vary 
greatly, safening agents have been suggested to reduce foliage 
injury (Emmert and Klinker, 1950; and Montelaro et al., 1952b). 
However, these safening agents have been found to reduce the 
rate of utilization of urea by the foliage (Hinsvark et al. , 
1953)' Chesnin and Shafer (1953) demonstrated that on corn 
and alfalfa, with the same amount of urea per acre, a coarse 
spray caused much more burning of the foliage than a fine 
spray. Undoubtedly the foliage of many crops shows a similar 
sensitivity to droplet size of foliar spray. Much burning of 
leaf margins could be avoided by applying low volume sprays 
as a fine mist where there is no coalescing of the droplets 
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on the leaf surfaces or runoff to the tips and margins. 
Chelates have received considerable attention as special 
formulations for some foliar spray nutrients. However, their 
main value had been in the improvement of the availability of 
certain nutrients applied to the soil rather than as foliage 
sprays. Cook and Mitchell (1958) found that chelated Zn 
preparations were no better than inorganic sources for grapes, 
and not as effective as ZnSO^ ,^ for vegetable crops (Lingle 
and Holmberg, 1956). Withee and Carlson (1959) reported 
that chelated iron was as effective as ferrous sulfate for 
grain sorghum. Kester et al. (1961) found that Cu chelate 
sprays were not as effective as bordeaux mixture on almonds, 
and chelated Mg was inferior to MgSO^  on apples (Fisher and 
Walker, 1955)* Haertl (1955) suggested that the type of 
foliage has an influence on the reaction of leaves to chelates. 
The firm or thick leaves of broad-leafed evergreens often 
respond favorably, while detrimental results often occur on 
herbaceous ornamentals with soft and succulent foliage. 
Silberstein and Wittwer (1951) tested various organic and 
inorganic phosphorus compounds on vegetable crops by applying 
foliar solutions at concentrations of 25 to 100 ^  of P per 
liter. Most compounds, but not all, were found to be non-
injurious to foliage at concentrations of 50 mM per liter. 
They reported that the inorganic P compounds were generally 
superior to the organic ones as sources of foliar nutrients. 
Barel (1975) tested the suitability of 35 different P compounds 
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for foliar application. He found that ammonium tripoly-
phosphate was the most successful compound for com, and 67^  
of the applied P was absorbed within 10 days, and 87?^  of this 
absorbed P was translocated in the same time. A significant 
yield increase at the level was obtained from spraying 
corn with tripoly- and tetrapolyphosphate solutions in a 
field experiment. He also reported that of the several or­
ganic phosphates tested, including creatine phosphate, 
creatinine phosphate, glucose-6 phosphate, etc., none of them 
was superior to the condensed phosphates. Garcia and Hanway 
(1976) supplied N primarily as urea, P primarily as poly­
phosphate, K with P as potassium polyphosphate or with the S 
as potassium sulfate. They reported that significant yields 
were obtained from two to four sprayings of NPKS foliar 
sprays on different soybean cultivars at different develop­
mental stages, R5 and R7 and at different locations. The 
o p t i m u m  r a t e  o f  t o t a l  f o l i a r  n u t r i e n t  a p p l i c a t i o n  w a s  8 0 + 8  
+ 24 + 4 kg/ha of NPKS, respectively. Schumacher and Welch 
(I970) reported that foliar application of N to com grown 
in soils high in N increased the percentage N in the grain and 
foliage with increasing rates of N applied, but yields were 
not increased. However, foliar application of P to com 
grown in soils low in P increased percentage P in the grain 
and foliage with increasing rates of P applied, and yield 
increases of 753- 941, and 1255 k^ ha from 2.5, 5, and 10 kg/ 
ha P applied, respectively, were obtained. 
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Evaluation and Feasibility of Foliar Fertilization 
The value of foliar fertilization has been assessed on 
the basis of the greening of the treated leaves. This is a 
very impressive approach and it has often been relied upon by 
farmers and/or researchers, although no immediate benefits in 
yield or quality of the marketable produce may be observed. 
A measurable growth or yield response from foliar fer­
tilization has been another criterion for assessment. This 
is perhaps the most objective though not always reliable under 
field conditions because of the many variables, other than 
nutrient supply, which may limit plant growth and yield. 
Nevertheless, increases in growth and higher yields constitute 
an important index of the value of foliar fertilization as 
indicated by the continuing use of this criterion in field 
studies (Carpenter, I96I; Johnson et al., I96I; 
Schpmeyer, I96I; Venkataramani, 1959; and Withee and 
Carlson, 1959). 
Changes in plant tissue composition following nutrient 
spray applications constitute a third index for evaluating 
the effects of foliar fertilization. For example, the value 
of urea-N applications in apple orchards was first determined 
by the increase in leaf chlorophyl and total N (Boynton, 
1954). Foliar uptake of P by lettuce was reflected in marked 
changes in leaf composition (Lewis, I936). The boron content 
of apple fruits and leaves increased following foliar applica­
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tions of the nutrient (Burrell, 1958; and Khalil and Thompson, 
1961). Manganese sulfate applied to the foliage of soybean 
plants increased the Mn content 30- to 40-fold in the first 
hour (Kederski and Hoff, 1958). Foliar feeding of oats with 
various N and ? salts generally increased the percentage of 
these nutrients in both the grain and straw (Krzysch, 1958). 
Results of other germane investigations have been summarized 
by Burghardt (I96I). 
In addition to the above criteria for the evaluation of 
foliar fertilization, viz, enhancement of green coloration 
of leaves, correction of specific disorders, growth and yield 
increases, and changes in plant tissue composition; radio­
active tracers and certain stable isotopes differing in mass 
offer unique and sensitive tools for directly measuring the 
absorption of nutrients applied on plant surfaces. With 
these techniques foliar absorption rates and nutrient dis­
tribution patterns were eventually established and the extent 
of the nutrient contribution from foliar sprays was accurately 
assessed (Bukovac and Wittwer, 1957; Wittwer, 1957; 
Wittwer and Teubner, 1957; and Wittwer et al., 1957). 
There exists a fairly good amount of information in the 
literature indicating that foliar fertilization, especially 
with micronutrients, is feasible. 
With continuous cropping on the same soils and with the 
growing of fruit trees and other perennial plants, deficiency 
disorders are becoming more frequent and foliar sprays are 
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often the most effective and at times the only practical 
means of correction and control. Soil imposed problems of 
dilution, penetration, and fixation of nutrients applied 
directly on the soil are circumvented through foliar fer­
tilization. Thus, a greater response per unit of foliar 
applied nutrient is realized. A plant's entire requirement 
for many trace elements may often be supplied by one or two 
foliar applications. The quantities of trace elements 
needed are small, and tolerances for the applied materials 
and rates of uptake are adequate. For the macroelements used 
in large quantities, however, only a part of the nutrient 
needs for most crops are satisfied, but the contribution can 
still be significant. At any rate, there is no sharp line of 
demarcation between benefits derived from foliar sprays of 
nutrients required in trace amounts by plants and those needed 
in large quantities. Rates of leaf absorption and the extent 
of transport from sprayed leaves generally favor the major 
nutrients (N, P, K). Their contribution to total requirement 
through foliar fertilization can be appreciable though not 
usually as dramatic as with the trace elements (Wittwer, 1964). 
Phosphorus availability studies have given a ratio of 
20:1 in favor of foliar fertilization (Wittwer et al., 
1957). Burr et al. (1958) have shown that the entire phosphate 
requirement of sugar cane may be administered by foliar ap­
plication, and 95^  of the urea applied as a spray to sugar 
cane was interrupted by the foliage (Burr and Takahashi, 1955)» 
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McCall and Davis (1953) concluded that foliar applications 
were more efficient than soil applications based on pounds 
of increase and yield per pound of urea-N applied to celery, 
onions, potatoes and sugar beets. There seems little doubt 
that where problems of soil fixation exist, foliar applica­
tions of nutrients constitute the most efficient method of 
fertilizer "placement", and with plants of sufficient leaf 
area, foliar feeding with all the essential elements can make 
a significant contribution toward the total nutrient require­
ment of such plants. 
Foliar Fertilization of Different Crops 
The information contained in the literature concerning 
the foliar fertilization of different crops with macro-
nutrients is limited, but there is abundant information on 
foliar fertilization with micronutrients. In the following 
discussion, an attempt is made to briefly discuss some of the 
work that has been done on the subject. 
Com 
In most of the work that has been reported, foliar fer­
tilization on com is done very early in the growing season 
prior to the grain-filling period, and when foliage develop­
ment is inadequate for foliar application of appreciable 
amounts of nutrients. 
Corn plants have been reported to utilize K from foliar 
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applied urea solutions, and all but small amounts cause 
"leaf burning". Hinsvark et al. (1953) reported marginal 
"leaf bum" from solutions containing as little as 4 to 6 
pounds of urea per 100 gallons of water. Shubeck and Caldwell 
(1949), Foy et al. (1953). and Chesnin and Shafer (1953). 
using solutions of 20 pounds or more of urea per 100 gallons, 
reported "leaf burning from foliar application of such solu­
tions, and the severity of the burn increased with concentra­
tion. However, mixing sucrose with the solution and 
increasing drop size fineness reduced burning to some 
extent. But in no instance was it possible to apply 
nominal rates of from 20 to 40 pounds of N per acre without 
leaf injury. Neither did urea sprays produce a yield benefit 
over the same amounts of N applied to the soil as side-
dressing. 
With the limited available data, com seems to be inter­
mediate among other crops in sensitivity to injury from urea 
sprays. Hinsvark et al. (1953) found cucumber leaves more 
susceptible to injury than bean, tomato, and corn, while 
celery and potato were less susceptible. They believed that 
utilization of urea N by leaves results from hydrolysis of 
the urea by the enzyme urease evolving ammonia and COg. They 
attributed foliage injury to toxic accumulation of ammonia 
resulting from the high hydrolytic activity of urease on the 
foliage. Using C^ -^labelled urea, and the evolution of the 
radioactive as a measurement of urease activity, they 
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noted that hydrolysis of urea on sweet corn leaves was com­
plete within a few hours after application. Boynton (1954), 
however, questioned the urease hydrolysis hypothesis of 
Hinsvark et al. (1953) on the premise that the direct evi­
dence on urease activity and ammonia concentration is lacking. 
He further stated that although the use of other N carriers 
as foliar sprays for com has not been investigated, most of 
them are believed to cause leaf injuries at concentrations 
below that of urea. 
Phosphorus also can be absorbed through the foliage and 
utilized by the corn plant. Oliver (1952), using irradiated 
superphosphate on one-month-old com plants, found that P 
was readily absorbed and translocated into all parts of the 
plant, being greatest in the rapidly growing parts. Wittwer 
and Lundahl (1951) observed that corn leaves, particularly 
the leaf sheaths, were efficient organs in absorbing P. 
Silberstein and Wittwer (1951) observed growth increases of 
com from foliar application of several P compounds under 
greenhouse conditions. Orthophosphoric acid at 25mM per 
liter was reported as one of the best treatments, although 
it was not as effective as P added to the nutrient medium and 
absorbed by the roots. Viets (1951) and Viets et al. (1953) 
found that spray applications of 0.5^  ZnSO^  ^solutions on the 
foliage had overcome chlorosis and restored vegetative growth 
of com grown on calcareous soils in central Washington, but 
grain yields were not increased. ZnSO^ L applied to "the 
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calcareous soil was found to be much less effective in over­
coming the deficiency, even though large amounts of Zn were 
absorbed by the plants. Chesnin and Shafer (1953) observed 
that corn was extremely sensitive to the effect of droplet 
size with the application of the nearly saturated urea solu­
tion (800 pounds of urea per 100 gallons of water). An appli­
cation of 20 pounds of N per acre resulted in no burning where 
a fine spray was used, but slight burning of the leaf margin 
occurred where a coarse spray was used. Burning of the leaf 
margin area increased with the application of 40 pounds of N. 
At this rate,there was also some burning of the tissue be­
tween the veins of the leaves. This leison type of damage, 
surrounded by normal tissue, persisted. A split application 
of the urea solutions at two-week intervals greatly reduced 
the amount of burning of the com leaves. At all rates, 
foliar applications of the urea solutions to com produced 
more burning when coarse sprays were used than when fine 
sprays were used. 
Narayanan and Vasudevan (1959) reported 18^  increase in 
weight of maize cobs resulting from foliar application of 
superphosphate solution on the plants. Thomas (i960) found 
an increase in dry matter production of corn following foliar 
applications of monobasic potassium phosphate, calcium phos­
phate, or ammonium phosphate. Singh and Sarolia (1970) ob­
tained significant increases in yield (29^ ) and N uptake (44?&) 
after spraying the plant at the rate of 60 kg N/ha. The 
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crop was sprayed three times during the growing season at 
three different stagesi at first irrigation, at knee hi^ , 
and at tasseling. Schumacher and Welch (1970) reported that 
foliar application of N on com grown in soils high in N in­
creased the N percentage in the grain and foliage with in­
creasing rates of N applied, but yields were not increased. 
Foliar application of P on corn grown in soils low in P 
increased P percentage in the grain and foliage with increas­
ing rates of P applied, and yield increases of 753• 941, and 
1255 kg/ha from 2.5, 4, and 10 kg/ha P applied, respectively, 
were also obtained. The plants received a total foliar appli­
cation of 5.6 to 224 kg N/ha, with single applications of 5»6 
to 67.2 kg N/ha. A concentration of more than 30 g/liter of 
N caused severe foliar damage but no damage occurred with 
applied P. Mitreva and Andonova (1973) found that in the case 
of plants well supplied with N but not supplied with moisture 
during growth, N from the late spraying accumulated mainly 
in the zein fraction which decreased the biological value of 
the total protein. In the case of plants grown with both 
fertilizers and irrigation, N from late leaf dressings was 
included more intensively in the glutelin fraction. With 
plants receiving fertilizers and irrigation, late leaf spray­
ing of maize with N was more effective in terms of the amount 
and quality of additional protein than with plants receiving 
fertilizers or irrigation only. Henry (1974) found that the 
uptake of foliar applied Cu by the leaf tip of maize appeared 
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to be stimulated by Ca. He attributed this effect to the 
hygroscopicities of the salts. But at high Cu concentrations, 
the cellular permeability of Cu was not affected by Ca. 
Barel (1975) obtained increased yields that were statis­
tically significant at the 5^  level, when compared with the 
control, from foliar applications of ammonium tripolyphos-
phate and ammonium tetrapolyphosphate treatments on corn grown 
in the field. The yield from the control was 10.23 metric 
tons per hectare whereas the yields from the ammonium tripoly-
phosphate and ammonium tetrapolyphosphate treatments were 
the same (about 11 metric tons per hectare) after correcting 
the yields for missing and abnormal ears. He sprayed the 
plants three times at three different stages: at 2 feet 
tall, just before tasseling, and after silking, respectively. 
The amount of P applied per spraying was 28 kg P/ha. How­
ever, there were no significant differences in the phosphorus 
percentages in the leaves, but the correlation between P per­
centages in the leaves and grain yields were significant at 
the level. 
Rice and small grains 
Kore work has been done on foliar fertilization of 
wheat, particularly with micronutrients, than any other 
cereal grain crop. However, information on foliar fertiliza­
tion with macronutrients of these crops is scarce. Jain 
et al. (1972) found that urea containing 0.3-1.595 biuret did 
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not significantly affect yields when applied to the soil at 
50 kg N/ha "before transplanting, but subsequent foliar spray­
ing with the same material at 30 kg N/ha proved to be harmful 
to the rice crop, and there was a highly significant negative 
correlation between grain yield and biuret level in the 
foliar spray. 
Krishnamoorthy et al. (1973) obtained about the same 
yields of rice in field experiments with soil and foliar 
applications of N and P. Ramakishnan (1975) made trial 
studies with three levels of N and three levels of PgO^  (0^ 17 
and 34 kg/ha each) which were applied to the soil only, to 
rice foliage only, or partly as soil and partly as foliar 
applications. Maximum responses were obtained with 34 kg N/ha 
and 17 kg PgOy^ ha applied either to the soil or to the foliage. 
Jha et al. (1975)» working with two varieties of flooded rice, 
found that the concentration of Fe and Mn in the grain and 
straw increased significantly with foliar sprays of the re­
spective elements under moist soil conditions. Patro and 
Tosh (1975) studied the efficiency of combined foliar appli­
cation of herbicides and fertilizer on IR8 grown under upland 
conditions on a sandy loam soil of moderate fertility. Three 
hand-weedings supplemented with foliar application of N gave 
the highest yield of grain and this was closely followed by 
the treatment Propanil + urea. All the herbicide-fertilizer 
mixtures (Propanil + urea, 2,4-D + urea, and MCPA + urea) gave 
a higher panicle number and yields than the corresponding 
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herbicide treatments without urea. 
Murray and Benson (1973) worked with foliar applications 
of manganese sulfate on Cayuse and Park oats to evaluate 
yield, protein and test weight (TW) responses. Manganese 
(Mn) was applied with 30 to 40 gallons of water/acre at rates 
of 0 to 8.8 kg Mn/ha in 1971 and 0 to 7.2 kg Mn/ha in 1972. 
Cayuse oat yields were increased 1425 kg/ha by 3*6 kg Mn/ha 
and remained constant at Mn rates greater than J.6 kg Mn/ha. 
Protein content and TW of Cayuse oats were not affected by 
the treatment. Yields of Park oats were also increased 803 
kg/ha by 1.8 kg Mry^ ha and then remained constant at higher Mn 
levels. Protein content of Park oats were increased about 
14^  by 8.8 kg Mn/ha but TW was not affected. In another ex­
periment, yields of two barley varieties increased when 
sprayed with 3.6 kg Mn/ha. 
Vonka and Bezdek (1974) reported that in a three-year 
field experiment, barley varieties, Diamont and Dvoran, were 
foliar fertilized with 9, 12, and 15$^  urea solutions (20.7, 
27.6 and 34.5 kg N/ha) at 3-4 leaf stage, at beginning of 
tillering or at earing. Dvoran gave the highest yield re­
sponse to urea when it was applied at the 3-4 leaf stage, but 
Diamont showed no yield response to time of application. How­
ever, urea increased grain protein to a greater degree in 
diamont than in Dvoran. 
Chesnin and Shafer (1953) observed that applications of 
nearly saturated solutions of urea (800 lb of urea per 100 
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gallons of water) to wheat in the blossom stage, at rates up 
to 60 pounds of N per acre, resulted in no apparent injury to 
the plants. Jain and Rat hi (1972) in the results of a three-
year experiment with tall wheat showed that the optimum rates 
of soil-applied and foliar-applied N were 47.2 and 27.1 kg/ha, 
respectively, but that the net returns were very similar. 
Asbour and Hegazi (1972) grew wheat plants in pot experiments 
and showed increased shoot weight when the plants were sprayed 
with B. Zinc or Cu sprays increased grain yields and protein 
percentage; Mn and Cu increased P percentage in the grain; 
but Ca percentages decreased with Zn, Mn and Cu. Amino acid 
content of grains was generally reduced with B, Zn, Mn and Mo 
treatments. 
Jain and Agrawal (1973) conducted field experiments over 
a two-year period and indicated that a single spray of urea-N 
was less efficient than a split application of the same 
quantity. But two sprays at 30 and 35 days after planting 
gave higher yields than sprays applied at earlier growth 
stages. 
Asbour and Saleh (1973) reported that foliar application 
of urea on wheat produced taller plants with more tillers and 
higher dry matter content in leaves, leaf blade stems and 
sheaths. It also increased the total N content of the vege­
tative parts. Foliar applications of Vfo urea increased the 
number of spikes per plant, and 0.5 and 1.0# urea produced 
the hi^ est grain yield. 
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Bezdek and Flasarova (1973) in a three-year study in­
volving urea sprays of 9-15# concentration (20.7 to 34.5 kg 
N/ha) obtained the highest grain yields with the 15^  urea 
solution applied to wheat at the sixth stage of growth, and 
to barley at the second stage of growth. 
Alexander (1973) found that with foliar application of 
fertilizers, grain production of wheat was less affected by 
water stress under rainfed conditions. Inclusion of K spray 
in addition to urea was better than urea alone. Four spray­
ings of urea and two of K were better than two sprayings of 
urea and one of K. 
Agrawal and Jain (1974) found that under irrigated con­
ditions, soil application of 6o kg N/ha at sowing time, sup­
plemented with 40 or 50 kg N/ha through foliar spray, gave 
the most economic grain yield responses in wheat. 
Withee and Carlson (1959) sprayed chlorotic grain sorghum 
with three sprays of 4^  ferrous sulfate (30 gallons per acre 
of the spray solution were required) in southwestern Kansas 
and found the spray to be an effective method of improving the 
yield of grain whereas soil applications of iron compounds to 
correct the iron deficiency chlorosis of grain sorghum, al-
thou^  effective, were somewhat economically impractical. 
Gupta and Gupta (1975) reported that foliar spraying at 
the flowering stage in conjunction with a basal application 
of 75 kg N/ha significantly increased the total dry matter, 
grain yield, crude protein content of grain and N content of 
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roots, stems, and leaves of two sorghum varieties. The per­
centages of lysine, leucine and tryptophan in grain protein 
decreased but the lysine-leucine ratio remained unaffected. 
Foliar spraying with urea, therefore, did not prove effective 
in improving grain quality. 
Soybeans, sunflower and cotton 
Schumacher and Welch (1970) sprayed soybeans with a total 
foliar application of 11.2 to 134.4 kg N/ha with single rates 
of 5«6 to 44.8 kg/ha. They found that the percentage N in the 
foliage and grain increased with increasing rates of N appli­
cation. Yield was not increased, but was decreased when more 
than 44.8 kg N/ha was applied in a single application. A 
concentration of more than 21 g N/liter caused severe foliage 
damage. Percent P in soybeans leaves and grain was increased 
with foliar application of 5. 10, 20 kg P/ha when grown on 
soils low in P, but no foliar damage occurred. 
Boswell (1971) applied four rates of B, ranging from 0 
to 0.56 kg/ha, and four rates of Mn, ranging from 0 to 4.1 
kg/ha, and a combination of the two elements at intermediate 
levels, on soybean foliage. He obtained no yield responses 
from either micronutrient at any rate. Although visual ob­
servations indicated detrimental effects to the foliage, with 
one exception, significant yield depressions did not occur 
even with the high rate of B or Mn applied singly or in com­
bination. Various seed quality determinations indicated no 
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adverse effects from foliar application of these elements. 
Axinte (1973) increased soya bean yields by 225 kg/ha 
with foliar application of 0.2% Cu and O.^ fo Mn. An increase 
of 251 kg/ha was also obtained with O.lfo Co. Application 
of 25S N, 2^  P and 2^  K resulted in an increase of 240 kg/ha. 
The highest protein content was obtained with the Cu and Mn 
treatments. Shukla (1974), in his greenhouse experiment with 
soya beans grown on an acid soil, obtained higher yields and 
increased the protein contents of the grain with a foliar 
application of 15 or 30 kg P/ha than application to the soil. 
On a second similar experiment, only foliar application in­
creased yields significantly. Barel (1975), working with 
several different condensed phosphates as foliar sprays on 
soybeans, reported that the yields of the plants sprayed with 
the different P compounds were significantly greater than 
those of the control for all the P sources except tripoly-
phosphate. Tripolyphosphate sprays produced considerable 
damage on the foliage, and this was reflected in the weight 
of 100 seeds. Randall et al. (1975) found that all rates and 
application methods of MnSO^  ^and foliar applications of Mn 
EDTA were effective in supplying Mn to the plant. Foliar 
applications of Mn were most effective when applied at the 
early blossom or early pod set stages or in multiple applica­
tions at these stages. Single applications of 2.24 and 4.48 
kg Mn/ha as MniiO^  or O.5I kg IVIn/ha as Mn EDTA caused some 
burning of the foliage. Combined row and foliar methods of 
56 
application appeared to relieve Mn deficiency effectively, 
resulting in higher yields than with either row or foliar 
treatments applied alone. 
Randall (1975) obtained statistically significant yield 
responses from foliar applications of 0.11 to 0.17 kg Fe/ha 
as Fe EDDHA on soybean foliage at two of the experimental 
locations. Soybean yields at one location were increased 
from 148 kg/ha with no Fe to 2278 kg/ha with 0.I7 kg Fe/ha as 
Pe EDDHA. Economical yield responses to the same treatment 
were found at a third location. In another experiment, yield 
responses to Fe EDDHA were found at four locations with a 
single application at the second trifoliate stage. Waiting 
for approximately 10-14 days until the fourth trifoliate 
did not result in yield increases over the check, and multiple 
applications were not superior to a single application at the 
early stage. Garcia and Hanway (1976) sprayed soybeans with 
solutions of N, P, K and/or S in different proportions and 
at different times and rates. They obtained highly signifi­
cant yield increases from two to four sprayings on different 
soybean cultivars at different experimental sites between 
developmental stages R5 and R7. Yield increases were due to 
increases in number of harvestable seeds, and not to increase 
in seed size. The optimum rate of total nutrient application 
was about 80 + 8 + 24 + 4 kg N, P, K, S/ha. 
Galgoczi (1967) found that the yield of fertilized sun­
flower grown on a poor sandy soil was increased by 62^  by a 
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single foliar application, and by 97^  by two foliar applica­
tions of NPK solution. Corresponding increases in oil con­
tent were 1.61 and 2.78^ . 
Buendia and Neptune (1974) compared the effects of foliar 
and soil application of urea, superphosphate and potassium 
chloride in quality of seed and fiber of cotton. Foliar 
application of potassium chloride improved fiber length and 
strength, and increased seed weight. But foliar application 
of the three fertilizers had no effect on the uniformity and 
fineness of the fiber whereas soil application of 60 kg 
PgO^ /ha improved fiber fineness, and application of 40 kg 
N/ha improved fiber strength. 
Chamy et al. (1974) reported that soil application of 
45 kg N/ha plus foliar application of 7*5 kg N/ha gave the 
highest yields of kapas, number of balls/plant and profit/ha 
as compared to the soil application of 60 kg N/ha alone. 
Fahmy (1974) found that spraying kenaf once with urea pro­
longed the vegetative and flowering stages, increased the 
number of branches and all yield components except fiber 
weight. But spraying once with superphosphate had the oppo­
site effect. When urea was sprayed with superphosphate, all 
the yield components except the fiber wei^ t increased when 
superphosphate was reapplied at the flowering stage. 
58 
Vegetables 
Few, if any, aspects of vegetable production have re­
ceived as much attention as nutrition. Until recently, most 
research on this subject involved soil applications of fer­
tilizer. However, research workers in widely separated areas 
are now investigating the practicality of foliar nutrition 
in vegetable production. Gilbert (1946), working with Kn 
sprays, found that tomato yields could be increased as much 
as 215^  by application of IJIn sulfate to the foliage at the 
rate of eight pounds per 100 gallons of water. Stark (1951) 
found that tomato yields were increased by including borax in 
the regular Maryland spray schedule. He also found that a 
combination of borax and Mn sulfate spray significantly in­
creased the soluble solids content of cantaloupes and the 
yield of tomatoes, but found no response from urea sprays on 
tomatoes. Scott and Scott (1951). working with both soil 
applications and foliar sprays of Mn sulfate, found that 
foliar spray corrected Mn deficiency in grapes in approximately 
two months. Under the same conditions, soil application of 
Mn sulfate required two growing seasons for the plants to 
completely recover from the deficiency. Muthukrishnan et al. 
(1974) found that the activity of in the leaves and 
fruits of tomato plants supplied with labelled ortho-
phosphoric acid by injection into the soil around the plants 
was higher where the plants had received a foliar application 
of 0.5^  urea on the day preceding P^  ^injection (time of 
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flowering of first flower cluster). Chaudhuri and De (1975) 
reported that foliar application of a part of N and P fer­
tilizers on tomato was superior to soil application in in­
creasing tomato yield, dry matter production and uptake of N 
and P. Foliar application of N and P was 2.02 and I.63 times 
more efficient, respectively, in increasing tomato yields 
than the corresponding soil application. The amount of fer­
tilizer necessary for optimum yield was reduced by applying 
part of the N and P to the foliage. 
Montelaro et al. (1952a) in Florida reported no responses 
from urea sprays on tomatoes. Danielson (1951) in Virginia 
failed to get yield responses from various concentrations of 
urea sprays on snap beans, radishes, and spinach. He also 
failed to increase the yields of potatoes, tomatoes, snap 
beans and lima beans when he sprayed them at regular inter­
vals with a nutrient solution containing a 1-2-1 fertilizer 
ratio. Hester (1951) reported the most phenomenal response 
in a vegetable crop from foliar nutrition. He found that 
three sprays of urea, containing 90 lb N/A increased the 
yield of carrots by 2?^ . With tomatoes, however, Hester 
found no such response. When he used a 0-10-10 fertilizer 
with 10 sprays of urea, as compared to a 5-10-10 fertilizer, 
the yields of tomato were approximately the same. Silberstein 
and Wittwer (1951) reported slight responses from the use of 
phosphatic nutrients on certain vegetable crops. Tomato, 
bean and corn plants grown at low P levels gave definite 
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growth responses, as indicated by height and fresh weight 
measurements, to foliar-applied P. Early yields, but not 
total yields, of field tomatoes were increased significantly 
by four weekly sprays of 25 mM solution of orthophosphoric 
acid. They further reported that tracer studies with foliar-
applied radioactive orthophosphoric acid revealed that P was 
rapidly absorbed by leaves of tomato, corn, beans and squash 
plants, and translocated to the root tips, and other centers 
of high metabolic activity. Further responses to nutrient 
sprays have been reported by Mayberry and Wittwer (1952). They 
found that four successive foliage spray applications of a 
0.5^  solution of urea during fruit development significantly 
increased the yield of greenhouse tomatoes. On field 
tomatoes, they found that urea sprays increased the early, 
but not the total, yield. They also found that celery 
responded favorably to urea foliage sprays, and best results 
were obtained from N fertilization if a combination of soil 
and spray treatments were utilized. 
Brasher et al. (1953) • working in Delaware for a four-
year period, applied foliar sprays containing N, P, K and 
many minor elements, singly and in various combinations, to 
tomato, lima bean, cantaloupe, cucumber and potato plants. 
They reported that no nutrient spray program of crops proved 
to be economically sound. Some of the sprays improved foliage 
color but in no case did a significant increase in yield re­
sult from the use of nutrient sprays when a standard soil 
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application of fertilizer had been applied prior to planting 
the crop. 
Significant yield reduction occurred from the use of Nu 
Green (urea), borax, r.'ig and P sprays on tomatoes and potatoes 
but none of the sprays produced any visible injury to the 
foliage. The only significant yield increases from nutrient 
sprays occurred when Nu Green and Nutri-Leaf (I6-I6-I6) 
were sprayed on tomato plants which were grown on unfertilized 
plots. Eleven applications of Nutri-Leaf increased the yield 
by 0.58 tons, whereas, standard soil applications of fertilizer 
increased the yield of tomatoes by J.2 tons per acre. 
Burdine et al. (19591 in an experiment with Emerald 
celery, reported that foliar application of 12 pounds per acre 
of boric acid did not affect yield, but significantly although 
slightly increased plant height, and significantly reduced the 
percentage of cracking plants, number of cracked petioles per 
plant and severity of the cracking. 
Gurde and Kibe (1973) obtained highest grain yield of 
beans with foliar application of 20 lb on the 25th 
day after sowing the crop. The same amount of applied in 
three installments on the 25th, 35th, and 40th day after sow­
ing gave almost similar results. 
Other crops 
Freiberg and Payne (1957). working on foliar absorption 
of urea and urease activity in banana plants found that urea 
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applied on banana leaf surfaces was rapidly absorbed. As much 
as of the applied urea was absorbed within 25 minutes 
after application under humid conditions. Further absorption 
occurred during the following evening when the relative 
humidity rose to 100^ . Even under dry conditions, as much as 
62% of the applied urea was absorbed within 24 hours. 
Urea absorption was more rapid from the lower surface of 
the banana leaf than from the upper surface, and this was 
attributed to the presence of three to four times more stomata 
on the lower surface. 
Urea was detected within the banana leaf one day after 
application of a Bordeau-urea mixture, indicating that little 
if any urea is hydrolyzed by urease in that portion of the 
plant. Urease activity was found in the growing point of the 
plant and it was assumed that urea was not hydrolyzed until it 
reached that region. 
Shawky et al. (1974) compared soil and foliar applications 
of N as ammonium nitrate and urea on banana plants. Time 
elapsing to complete flowering and maturation was found to be 
the same for both applications. Plants sprayed with urea N 
gave similar yields to those fertilized with equal amounts of 
N through the soil. No major differences were seen in the 
leaf N percentage for both applications but higher yields 
were obtained with combinations of soil and foliar applications. 
Webster (1973) determined the absorption of Mg by nine-
year-old apple trees from foliar sprays of MgSO^  ^mixed with 
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Ca(N0^ )2 or urea. Ca(N0^ )2 increased the absorption of Mg 
which varied with atmospheric humidity and temperature, but 
urea had no effect on Mg absorption. 
Shim et al. (1973) found that when urea was applied to 
the foliage of one-year-old apple (Mains pumila) trees during 
senescence, urea C was readily released as COg, but the 
abscissed leaves still contained 18^  of the total. Only 5^  
of the urea C was found in the storage tissues. By the time 
the leaves abscissed, this C mainly occurred in protein 
sugars, and amino acids of storage tissues. The urea N was 
translocated from the leaves as amino acids or urea. At leaf 
abscission, 30?5 of the initial N was present in the leaves. 
During senescence storage tissues from untreated trees in­
creased 1.5-fold in N and similar tissues from urea-treated 
trees increased 3-fold. This additional N was found pri­
marily in stem and shoot bark and in the roots. Small amounts 
of N were stored as amino acids but the bulk of the urea N 
was stored as protein. 
Szafranek (1974), working with apples, reported that the 
terminal growth and trunk diameter were not significantly 
greater under urea or urea + superphosphate sprays than in the 
control. Foliar applications of urea or its combination with 
superphosphate increased the yield of apples by ZZ% and 
Z6.Q%, respectively. Superphosphate application alone in­
creased the apple yield by Apple grades were not af­
fected by urea or superphosphate sprays but leaf carbohydrates 
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were increased by nearly 3«5^  and 6^ , respectively. Foliar 
application of urea increased the leaf N content and tended to 
increase the ascorbic acid and total acidity of the fruits, 
but had little influence on P, K, Ca and Mg contents of the 
fruits, and no marked influence on total sugar content. Super­
phosphate increased the leaf P content but tended to decrease 
the ascorbic acid content and total acidity of the fruits. 
Shawki et al. (1973) found that spraying orange trees at 
the pre-blooming stage with 5 ppm 2,4-D combined with O.^ fo 
urea increased the average yield and fruit numbei/tree by 
about 23 and 22^ , respectively, but decreased fruit juice 
content. Spraying in late May with 20 ppm 2,4-D combined with 
O.^ fc urea also increased the average yield and fruit number/ 
tree by about 27 and 42^ , respectively. But these treatments 
significantly decreased fruit juice content, but did not 
affect acidity, vitamin C content, total soluble solids 
(TSS) and TSS/acid ratio. 
Embleton and Jones (197^ ) obtained data for 56 experiment-
years and found that kilogram for kilogram, foliar-applied N 
was as effective as soil-applied N. However, while one annual 
soil application supplied adequate N, three to six or more 
foliar sprays per year were required. The kg of N per 1000 kg 
of fresh California citrus fruit varied from 1.15 to 1.73 
and increased with increasing N rate. 
Cantar et al. (1973) obtained moderate yield increases 
of potato tubers with foliar applications of B and a 2^  solu-
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were increased by nearly 3*5^  and 6%, respectively. Foliar 
application of urea increased the leaf N content and tended to 
increase the ascorbic acid and total acidity of the fruits, 
"but had little influence on P, K, Ca and Mg contents of the 
fruits, and no marked influence on total sugar content. Super­
phosphate increased the leaf P content but tended to decrease 
the ascorbic acid content and total acidity of the fruits. 
Shawki et al. (1973) found that spraying orange trees at 
the pre-blooming stage with 5 ppm 2,4-D combined with 0.50 
urea increased the average yield and fruit number/tree by 
about 23 and 22^ , respectively, but decreased fruit juice 
content. Spraying in late May with 20 ppm 2,4-D combined with 
0.50 urea also increased the average yield and fruit number/ 
tree by about 27 and 420, respectively. But these treatments 
significantly decreased fruit juice content, but did not 
affect acidity, vitamin C content, total soluble solids 
(TSS) and TSS/acid ratio. 
Embleton and Jones (1974) obtained data for 56 experiment-
years and found that kilogram for kilogram, foliar-applied N 
was as effective as soil-applied N. However, while one annual 
soil application supplied adequate N, three to six or more 
foliar sprays per year were required. The kg of N per 1000 kg 
of fresh California citrus fruit varied from 1.15 to 1.73 
and increased with increasing N rate. 
Cantar et al. (1973) obtained moderate yield increases 
of potato tubers with foliar applications of B and a 20 solu­
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tion of NPK. 
GoudReddy et al. (1973) found that foliar application of 
20 kg PgO^ /ha or soil application of 60 kg PgO^ /ha increased 
yield of ground nuts and gave high economic returns. But 
foliar application of 30 kg PgO^ ha depressed yields. The 
foliar application of 20 kg PgO^ ha was more economical than 
the soil application of 60 kg P20y^ ha. 
Ananth (I96I) found that the P content of coffee leaves 
was significantly increased by foliar application of P. Came 
(1966) obtained the highest coffee yield in his trial experi­
ments with Coffea arabica with a foliar application of a 
fertilizer compound, containing 15-15-15 N, PgO^ , and KgO, 
respectively, plus a trace of Mg, Mn, Cu, Zn, Fe, B, Mo and S. 
Madero Bernai, 1953» cited by Barel (1975) reported good 
results on the foliar fertilization of cacao with NPK nutri­
ents mixed with pest control compounds. Foliar fertilization 
was more economical than soil application. The sources of 
P used were orthophosphoric acid and glycerophosphate. 
Manjarras Castaneda, 1953. also cited by Barel (1975). 
reported favorable results from spraying cacao either before 
or after pollination with a mixture of Ca- or K-glycero-
phosphates and orthophosphoric acid as a source of P, urea 
as the N source and KCl as the K source. 
Draycott and Farley (1973) reported that in field experi­
ments, soil applications of MnO and Mn silicate frit did not 
prevent Mji deficiency in sugar beet plants. But MnSO^  ^sprays, 
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apart from increasing the Mn concentration in the leaves, 
cured most of the deficiency symptoms and increased sugar 
yield up to 1.5 T/ha. When 21 to 60^  of the plants were Mn 
deficient, the sprays increased sugar yield by 5 and 17%, 
respectively. 
Chesnin and Shafer (1953) reported that as high as 176 
pounds of N per acre, in the form of urea, was sprayed on 
bromegrass without detrimental effects to the plants. How­
ever, in the case of alfalfa, sli^ t marginal burning of the 
leaves resulted from the foliar application of the nearly 
saturated urea solution (800 lb of urea per 100 gallons of 
water), in a fine spray of 20 pounds of N per acre. The 
degree of burning of leaf margins increased progressively 
with the application of 40 and 60 pounds of N per acre to the 
alfalfa. Burning of the leaves was also increased with the 
use of coarse sprays. Within 10 days, the white, necrotic 
portion of the leaf margin (meristematic tissue) slou^ ed 
off and active growth was resumed. 
In conclusion, it is worth noting that in most of the 
literature reviewed, controversial information and inconsis­
tent results exist in almost all aspects of foliar fertiliza­
tion of plants, particularly agricultural crops. Therefore, 
there are far more unanswered questions about the subject 
than we are inclined to think. 
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FOLIAR FERTILIZATION OF CORN IN 1975 
Three experiments were conducted in 1975 to investigate 
the effect of foliar fertilization on com during the grain-
filling period. 
. Experiment 1. Response of corn hybrids to foliar fer­
tilization with N, P, K and S 
Experiment 2. Foliar fertilization of com with rates 
of N, P, K and S 
Experiment 3« Foliar fertilization of corn with rates of 
N, P, K and S applied at different de­
velopmental stages of the plant 
The experimental methods used and the results from each 
experiment will be presented as a unit in the following 
sections. 
Experiment 1. Response of Corn Hybrids to Foliar 
Fertilization with N, P, K and S 
Materials and methods 
Experimental site and methods This experiment and all 
other subsequent experiments were conducted on the Iowa State 
University Agronomy and Agricultural Engineering Research 
Center located about eight miles west of Ames. This site had 
been in a soybean-corn-soybean crop rotation in 1972, 1973 
and 197^ 1 respectively. The soybeans in 1970 and 1974 re­
ceived a uniform fertilizer application of 0 + 112 + 112 kg/ha 
(0 + 100 + 100 lb/A) of N, PgO^  and K2O, respectively, whereas 
the corn planted in 1973 and in 1975 when the experiment was 
conducted received a uniform fertilization of 224 + 112 + 112 
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kg/ha (200 + 100 + 100 lb/A) of N, PgO^  and KgO, respectively. 
The soil at this site is a Mcollet-Webster complex, but 
is primarily Webster silty clay loam which is classified as a 
Typic Haplaquoll. The Webster soil developed from calcareous 
glacial till or glacial outwash over glacial till under wet 
prairie grass vegetation. It occurs on nearly level (0 to 2.fo 
slope), low-lying uplands below the Clarion and Nicollet 
soils, and is naturally poorly drained with moderate permea­
bility and moderately high plant-available water-holding 
capacity. The surface 38-51 cm (15-20 in.) or A horizon of 
the soil is black silty clay loam and the subsoil is gray to 
olive gray loam or clay loam. 
The Nicollet soil is classified as an Aquic Hapludoll. 
It also developed from glacial till under the influence of 
prairie grass vegetation. It occurs on slopes of 1 to 39^ . and 
is.somewhat poorly drained with moderate permeability and 
moderately hi^  plant-available water-holding capacity. The 
38-46 cm (15-18 in.) or A horizon is very dark brown to black 
loam to clay loam and the subsoil is moderately permeable loam 
to clay loam with a mixed gray and brown coloration. 
A field experiment was conducted in the summer of 1975 to 
investigate the response of different com hybrids, grown 
under reasonably optimum conditions, to foliar fertilization 
with N, P, K and S during the grain-filling period. From now 
on, this experiment will be referred to as the Hybrid 
experiment. 
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Eight different corn hybrids (Wf9xW22, Mol7xN28, B37xWf9, 
B37XB70, B70xB73. B73xMol7, Q97xQ98 and Q51XQ52) obtained 
from Dr. W. A. Russell of the Agronomy Department, Iowa State 
University, were planted by hand on May 28 and 29, 1975» in 
hills spaced 0.33 m (13 in.) apart within the row, and in 
rows spaced O.76 m (30 in.) apart. This gave a plant density 
of 40,000 plants per hectare (16,200 plants per acre). All 
hybrids were single eared except the last two, which were 
two eared. The plant density was thinned to one plant per 
hill when the corn was 15 to 30 cm (6-12 in.) tall to reduce 
or eliminate interplant competition. Due to an oversight, 
resulting in excessive thinning of the plants, the mean plant 
density at harvest was very low, about 29,000 plants/ha (12,000 
plants/A). 
A split-plot randomized block design of three replica­
tions was used in this study. Each hybrid of four rows wide, 
3.05 m (10 ft), by 17.17 m (56 ft) long was the main plot 
which was divided into two subplots, each of these four rows, 
3.05 m wide by 8.5 m (28 ft) long. One subplot received a 
total foliar fertilization of 60 + 12 + 12 + 6 k^ ha of 
elemental N, P, K and S. respectively (in a ratio of 10:2:2:1, 
in which these nutrients supposedly occur in the com grain). 
The remaining subplot received no foliar fertilization and 
was the control. 
A fertilizer solution containing all the desired amounts 
of N, P, K and S plus 0.1^  Tween 80 (a surfactant) was pre­
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pared. The characteristics and composition of the sources 
of N, P, K and S are shown in Table 1, and the amounts of 
the different chemicals used are shown in Table 2. This fer­
tilizer solution was sprayed on the plants, beginning on 
August 6, which was three weeks after 75^  silking, using 
portable hand sprayers with a medium drop-size nozzle and a 
2 2 
controlled air pressure of 2.11 kg/cm (30 lb/in. ). Spraying 
was at the rate of 500 1/ha of fertilizer solution per appli­
cation. A total of 60 + 12 + 12 + 6 kg/ha of elemental N, P, 
K and S was applied in four separate applications at 8-day 
intervals or as weather conditions permitted, to reduce or 
eliminate leaf bum. 
The above-ground plant parts, particularly all of the 
leaves, were sprayed to give as imiform coverage as possible. 
Spraying was done in the morning between 7 and 10 a.m., and 
leaf samples were taken before each spraying. To ensure that 
the plants were sprayed with a fairly accurate volume of the 
fertilizer solution desired, the sprayers were calibrated 
such that the volume of solution delivered at a given time 
and pressure was known, and spraying was carried out on this 
basis. 
Spraying was completed on August 31 and the experiment 
was harvested by hand on October 27. The central 7.6 m 
(25 ft) of each of the two middle rows were harvested. The 
number of plants and ears harvested were counted and recorded. 
The ears were weired and ear samples were collected and 
Table 1. Characteristics and composition of the materials used as sources of 
N, P, K and S for 1975 and 1976 experiments 
Source 
Chemical 
formula 
Physical 
state 
Density 
(g/cc) 
Nutrient 
supplied 
io elemental composition 
N P K S 
Ammonium 
polyphosphate Liquid 1.39 N,P 11.3 15.9 
Ammonium 
sulfate (NH^ JgSO^  Solid 1.76 N.S 21.2 24.0 
Ammonium 
thiosulfate 
KOOGCHo 
Liquid 1.31 N.S 12.0 26.0 
Potassium 
aaetate Solid 1.80 K 39.7 
Potassium 
chloride KCl Solid 1.98 K 52.7 
Potassium 
polyphosphate KgHPgOy Liquid 1.43 K,P 11.2 20.7 
Potassium 
sulfate KgSO^  Solid 2.66 K,S 44.7 18.0 
Sodium 
sulfate NagSO^  Solid 2.69 S 22.0 
Urea C0(NH2)2 Solid 1.33 N 45.0 
Table 2. Treatment combination and amounts of chemicals used in the foliar 
treatment, Experiment 1, 1975 
of Ghsmisals .in treatment 
Treatment Polyphosphate q rpntni 
combination, kfi/ha Urea (NH^ )pSO^  K Tween 80^  Water .volume 
N p K S _____kg/ha"----" 1/ha 
60 12 12 6 112.85 25.00 24.92 40.54 20.00 1815.48 2000 
O^.lfo Tween 80 constitutes 1% of the total volume for this treatment and all 
subsequent treatments. 
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stored. A representative grain sample was taken from the ears 
of com for moisture determinations. Ear yields were then 
converted to shelled grain yields and adjusted to 15«5% mois­
ture content. The individual ears of each sample were mea­
sured to determine average ear length. After shelling the 
ear corn, 100 seeds were randomly selected and weighed to 
determine seed size. 
• Plant analyses Leaf samples were randomly collected 
from the outside two rows of com of each subplot and they 
consisted of the leaf opposite and just below the primary 
ear. These samples were immediately placed in a dryer and 
dried at 65°C for 48 hours. All dried samples were ground in 
a Wiley mill, using a 40-mesh screen. A 0.5 g sample of 
ground plant material was digested by boiling (until sample 
was clear green in color) in 10 ml of concentrated sulfuric 
acid plus copper as a catalyst in a 100-ml volumetric flask on 
a hot plate. The digest was then diluted to volume with 
ammonia-free distilled water. Percentages of total N, P 
and K in the digest were determined as described by Dunphy 
(E. J. Dunphy, Department of Agronomy, Iowa State University, 
Analyzing plant samples for N, P and K from a single HgSO^  
digest, mimeographed paper, 1972). 
Grain samples were prepared for chemical analysis, and 
analyzed for percentage of total N, P and K as described for 
the analysis of leaf samples. 
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Statistical analyses All statistical analyses of the 
experimental data from this and all subsequent experiments 
were run on the IBM 360 computer at Iowa State University 
Computation Center, using the 1972 and 1976 SAS programs de­
veloped at North Carolina State University by Barr et al. 
(1972, 1976) for the analyses of variance, covariance, and 
the correlation and regression procedures. 
Results and discussion 
Weather in 1975 Table 3 shows the mean monthly tem­
perature and the total monthly precipitation and their devia­
tions from normal for 1975 at the Agronomy Farm located near 
Ames. This table shows that the rainfall was below normal in 
all months except June. The estimated moisture stress index 
at the Agronomy Farm in 1975 was about 31 (3I stress days in 
the 85 day period) which is moderate stress according 
to Dr. R. H. Shaw (Agronomy Department, Iowa State University, 
personal communication). More than one-half of this stress 
occurred in about a 15 day period, 10-25 days after silking. 
Some of this stress was severe enough in this period to cause 
some wilting and reduce yield potential. However, after this 
period, rainfall alleviated the severe stress condition and 
stresses were slight thereafter. 
The variations in temperature and vapor pressure 
deficit influence the absorption of nutrients by leaves by af­
fecting the rate of drying and the opportunities for establish-
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Table 3. Mean monthly temperature and total monthly pre­
cipitation and deviations from normal for the 1975 
growing season, Agronomy Farm, Ames 
Month 
Mean 
mont hi V 
temp., F 
Deviation 
from 
normal 
Total 
monthly 
precip., in. 
Deviation 
from 
normal 
May 64.0 3.5 3.72 -0.77 
June 69.7 0.2 00
 
2.27 
July 74.2 0.6 1.65 -1.78 
August 73.0 1.0 2.92 -0.71 
September 59.7 -3.4 1.45 -1.83 
ment of a liquid film at the leaf surface (Boynton, 195^ ; 
Cook and Boynton, 1952). Also a favorable water balance with­
in the plant is an important factor affecting foliar absorp­
tion and translocation of nutrients (Van Overbeek and Blondeau, 
1954; Pallas and Williams, I962). 
Grain yield and yield components The responses of the 
different com hybrids to foliar fertilization are shown in 
Table 4. Table 5 shows the analysis of variance (AOV) of the 
data with the partitioning of both the hybrid and hybrid * 
spray interaction degrees of freedom. Table 5 shows that the 
spray treatment averaged over all hybrids had no significant 
effect on the mean grain yield. But, there was a significant 
hybrid • spray interaction at the 9^  level. This indicates 
that the hybrids were responding differently to foliar 
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Table 4. Responses of corn hybrids to foliar fertilization, 
Experiment 1, 1975 
Mean yield 
q/ha a. 
Hybrid Response 
no. Hybrid Unsprayed Sprayed q/ha 
8 Q51XQ52^  75.1 91.6 16.5 
1 Wf9xW22 74.2 81.3 7.1 
5 B70XB73 85.2 90.8 5.6 
7 Q97XQ98^  91.6 96.1 4.5 
3 B37xWf9 83.5 84.4 0.9 
2 M017XN28 91.9 90.2 -1.7 
6 B73xMol7 86.2 82.9 
-3.3 
4 B37XB70 96.1 85.4 -10.7 
1^ q/ha = 1.59 bu/A com. 
2^-eared hybrids, all others are single-eared. 
fertilization as is evident in Table 4. The mean grain yields 
of hybrids 3. 7, 5, 1 and 8 were increased by 0.9, 4.5, 5.6, 
7.1 and I6.5 q/ha, respectively, as a result of foliar fer­
tilization. Those of hybrids 2, 6 and 4 were decreased by 
1.7, 3.3 and 10.7 q/ha, respectively (Table 4). These yield 
differences may be attributable both to the genetic differences 
in the yield potentials of these hybrids and their different 
responses to foliar fertilization. 
The significant hybrid • spray interaction was mainly a 
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Table 5» Analysis of variance for grain yield (q/ha), 
Experiment 1, 1975 
Source df MS F P > F 
Total 47 101.50 
Rep 2 188.96 1.51 
Hb^  7 164.45 131 ns" 
Hb 1-6 vs Hb 7-8 1 61.36 0.49 ns 
Between Hb 7-8 1 332.86 2.65 0.15 
Within Hb 1-6 5 151.39 1.21 ns 
Error (a) 14 125.55 
Spray 1 68.64 1.52 0.23 
Hb * spray 7 98.63 2.18 0.09+ 
Hb 1-6 vs Hb 7-8 * spray 1 265.15 5.85 0.03* 
Between Hb 7-8 * spray 1 109.19 2.41 0.15 
Within Hb 1-6 * spray 5 63.21 1.40 ns 
Error (b) 16 45.29 
b^ = hybrid. 
n^s = nonsignificant for this table and all subsequent 
tables. 
•."•"Sig^ iificant at the 0.05 and 0.10 levels, respective­
ly, for this table and all subsequent tables. 
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function of the 2-ear hybrids. Hence, a further partitioning 
of the hybrid * spray interaction degrees of freedom showed 
that Hb 1-6 vs Hb 7-8 * spray interaction was significant at 
the yfo level (Table 5)« The interaction between Hb 7-8 * 
spray was significant at the 155^  level and the interaction 
within Hb 1-6 * spray was not significant. Further parti­
tioning of the interaction within Hb 1-6 * spray with 5 degrees 
of freedom into hybrids with a common inbred vs others * spray 
was not warranted from inspection of the mean responses of any 
two hybrids with a common inbred. 
The LSD of 11.65 q/ha at the 5^  level for the difference 
between the unsprayed and sprayed means for any one hybrid 
showed that the grain yield of the sprayed plots of Hb 8 was 
significantly greater at the 5^  level than that of the control 
for the same hybrid. This result is encouraging to a certain 
extent, and therefore, makes this hybrid a favorable poten­
tial candidate for foliar fertilization studies on com in the 
future. However, in this case, there is the possibility of a 
Type I error, rejecting the null hypothesis when it is true. 
The weight of 100 seeds and the ear length were used as 
indices of grain size and seed numbers, respectively. Table 6 
shows the data for seed weight and ear length of the different 
com hybrids as affected by foliar fertilization and Table 7 
shows the analyses of variance for these yield components. 
Table 7 shows that foliar. fertilization had no significant 
effect on the mean seed weight. However, hybrids had a 
Table 6. Effect of foliar fertilization on mean seed weight and ear length, 
Experiment 1, 1975 
Seed weight, Ear length, cm 
no. Hybrid Unsprayed Sprayed Response Unsprayed Sprayed Response 
1 Wf9.xW22 31.3 31.3 - 20.7 20.3 -0.4 
2 Mol7xN28 36.3 36.0 0.3 20.6 20.8 0.2 
3 B37xWf9 32.0 31.7 -0.3 21.1 19.5 -1.6 
4 B37XB70 35.0 34.7 -0.3 21.8 20.9 -0.9 
5 B70XB73 33.3 32.7 -0.6 20.6 20.2 -0.4 
6 B73xMol7 35-7 36.3 0.6 22.3 22.4 0.1 
7 Q97XQ98 34.7 35.5 0.8 20.3 21.2 0.9 
8 Q51XQ52 30.3 30.0 -0.3 20.4 20.3 0.1 
W^eight of 100 seeds for this experiment and all subsequent experiments . 
Table ?• Analyses of variance for seed weight and ear length, Experiment 1, 1975 
Source df 
Seed weight Ear length 
MS F P > F MS F P > F 
Total 46 8.78 1.10 
Rep 2 1.82 0.07 
Hb 7 30.73 2.46 0.07+ 3.02 2.20 0.10+ 
Error (a) 14 12.4? 1.37 
Spray 1 0.26 0.51 ns 0.86 3.19 0.09+ 
Hb*spray 7 0.37 0.72 ns 0.76 2.61 0.04* 
Error (b) 15 0.51 0.27 
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significant effect at the 7% level on the mean seed weight. 
Althou^  the mean seed weight was positively correlated with 
the mean grain yield (r = 0.27, significant at the 10?5 level), 
seed weight did not greatly influence mean grain yields. This 
is explained by the fact that the kernels of most varieties 
are limited as to their maximum weight and this may limit 
yield regardless of how favorable growing conditions may be 
during the grain-filling period (Duncan, 1975)* However, 
apart from the low correlation between the mean seed weight 
and mean grain yield, a positive relationship is expected 
because seed wei^ t is a yield component. 
Foliar fertilization and hybrids had significant effects 
at the lO'fo level on the mean ear length (Table 7). The Hb * 
spray interaction was significant at the S'f° level, indicating 
that the interaction had the strongest influence on mean ear 
length. Again, this significant interaction is explained both 
by hybrid genetic characteristics and their different re­
sponses to foliar fertilization. 
Surprisingly, there was no significant correlation between 
mean grain yield and mean ear length. One would expect that 
with a change in ear length there would be a corresponding 
change in grain yield since ear length is a yield component 
affecting the number of kernels per ear and consequently the 
grain yield. 
However, there was a hi^  positive correlation between 
mean ear length and mean seed wei^ t (r = 0.5^ ) and it was 
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significant at the Ifo level. This correlation may be ac­
counted for by hybrid characteristics since seed weights are 
affected by hybrids (Table ?)• 
Chemical analyses of leaves and grain The results:for 
the chemical analyses of com leaves and grain as affected by 
foliar fertilization are shown in Tables 8 and 9» The results 
of the leaf chemical analyses were based on a composite sample 
of all samples obtained from the three replications and those 
of the grain were based on samples obtained from each replica­
tion. 
The analyses of variance of the nutrient contents in the 
leaves based on the last three sampling times (Table 10) show 
that hybrid had a significant effect at the Ifo level on the 
total N and K contents and at the 10% level on the total P 
content. The N and P contents in the leaves were not signifi­
cantly affected by foliar fertilization, but the K contents 
in the leaves were significantly affected by foliar fertiliza­
tion at the 5% significance level. 
The overall means of percentage of total K in the leaves 
for the unsprayed and sprayed plants for all hybrids and 
three sampling times were I.38 and 1.46, respectively, indi­
cating an increase in the K content in the leaves due to 
foliar fertilization. 
The lack of a significant effect of foliar fertilization 
on the N and P contents in the leaves is surprising since 
effective absorption of these nutrients following foliar 
I 
Table 8. Effect of foliar fertilization on N, P and K contents^ of corn leaves. Experiment 1, 1975 
Sampling time 
Hybrid 
no. 
8-6-75 8-15-75 8-22-75 8-31-75 
Hybrid Spray ^ 7o N % P 7o K 7o N 7, P 7o K 7o N 7o P 7o K 7o N 7o P 7o K 
1 Wf9xW22 1 
2 2.78 0.31 1.35 
2.65 
2.71 
0.31 
0.26 
1.60 
1.80 
2.50 
2.42 
0.25 
0.20 
1.50 
1.40 
2.23 
2.23 
0.23 
0.23 
1.50 
1.20 
2 Mol7xN28 1 
2 2.73 0.27 1.65 
2.69 
2.91 
0.25 
0.27 
1.50 
1.55 
2.65 
2.57 
0.24 
0.24 
1.55 
1.25 
2.39 
2.44 
0.21 
0.21 
1.28 
1.30 
3 B37xWf9 1 
2 2.65 0.29 1.35 
2.49 
2.49 
0.22 
0.23 
1.35 
1.30 
2.10 
2.38 
0.22 
0.24 
1.20 
1.10 
1.86 
1.87 
0.23 
0.22 
1.10 
1.03 
4 B37XB70 1 
2 2.98 0.28 1.55 
2.54 
2.87 
0.29 
0.28 
1.55 
1.55 
2.46 
2.55 
0.28 
0.29 
1.45 
1.55 
2.28 
2.14 
0.20 
0.28 
1.25 
1.30 
5 B70xB73 1 
2 2.77 0.28 1.60 
2.59 
_c 
0.27 
_c 
1.45 
_c 
2.34 
2.26 
0.23 
0.25 
1.30 
1.30 
2.30 
2.02 
0.23 
0.21 
1.40 
1.30 
6 B73xMol7 1 
2 2.81 0.24 1.45 
2.91 
2.67 
0.30 
0.29 
1.60 
1.50 
2.48 
2.67 
0.24 
0.22 
1.40 
1.35 
2.29 
2.34 
0.30 
0.28 
1.45 
1.25 
7 Q97XQ98 1 
2 2.59 0.25 1.75 
2.75 
2.73 
0.25 
0.24 
1.55 
1.25 
2.43 
2.49 
0.23 
0.22 
1.60 
1.45 
2.34 
2.34 
0.20 
0.20 
1.35 
1.20 
8 Q51XQ52 1 
2 2.91 0.39 1.70 
2.82 
2.69 
0.32 
0.32 
1.75 
1.60 
2.30 
2.40 
0.27 
0.23 
1.65 
1.75 
2.30 
2.10 
0.21 
0.23 
1.60 
1.40 
®All N, P and K contents are expressed as percentages of total N, P, and K, respectively, in 
this and all subsequent tables. 
^1 = sprayed plants; 2 = unsprayed plants. 
^Sample lost. 
Table 9« Effect of foliar fertilization on N, P, and K contents of corn grain, 
Experiment 1, 1975 
Hybrid O tP tK 
no. Hybrid Unsprayed Sprayed Unsprayed Sprayed Unsprayed Sprayed 
1 Wf9xW22 1.70 1.71 0.35 0.32 0.42 0.40 
2 Mol7xN28 1.71 1.79 0.33 0.32 0.32 0.35 
3 B37xWf9 1.55 1.51 0.33 0.35 0.37 0.40 
4 B37XB70 1.69 1.63 0.31 0.31 0.37 0.40 
5 B70XB73 1.64 1.69 0.33 0.32 0.37 0.45 
6 B73xMol7 1.58 1.70 0.29 0.36 0.45 0.40 
7 Q97XQ98 1.64 1.68 O.32 0.3I 0.35 O.35 
8 Q51XQ52 1.65 1.62 0.32 0.31 0.40 0.40 
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applications has been reported by Oliver (1952) and Wittwer 
and Lundahl (1951)» Although the N and P may have been 
rapidly translocated from the leaves to the grain, foliar 
fertilization also failed to significantly affect the nutri­
ent contents of the grain as will be shown later. 
The significance of time of sampling could not be tested 
in these analyses but its large mean squares indicated that it 
had a large effect on the nutrient contents of corn leaves 
(Table 10). Nutrients are generally translocated from the 
leaves to the grain, as grain filling progresses during the 
growing season, and to other plant parts. Because of this 
process, the nutrients generally decline in the leaves as 
plant growth progresses to maturity (Table 8) as reported by 
Hanway (1962b), Williams (1955). Jordan et al. (1950). Jones 
and Huston (1941) and Sayre (1948). 
Figure 1 shows a plot of N, P and K contents of the leaves 
averaged separately over all hybrids without and with foliar 
fertilization. Examination of this figure shows that foliar 
fertilization reduced the rate of K depletion from the leaves 
in all sampling periods. Foliar fertilization had no sig­
nificant effect on the N and P contents of the leaves. 
Foliar fertilization had no significant effect on the N, 
P, and K contents of corn grain (Table 11). Hybrid genetic 
differences had no significant effect on the P and K contents 
of the grain but had a significant effect on the N content 
of the grain. 
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Table 10. Analyses of variance for N, P and K contents of 
corn leaves. Experiment 1, 1975 
Source df MS F P > F 
Total 
Time 
46 
2 
0.0620 
0.8307 
Hb 
Hb • time^  
7 
14 
0.0960 
0.0067 
14.33 0.01** 
Spray 
Spray • time 
Spray • Hb 
Spray • time • Hb^  
1 
2 
7 
13 
0.0008 
0.0153 
0.0104 
0.0124 
•0.06 
1.23 
0.84 
ns 
ns 
ns 
Total 
Time 
46 
2 
0.0014 
0.0088 
Hb 
Hb • time 
7 
14 
0.0025 
0.0011 
2.27 0.10+ 
Spray 
Spray • time 
Spray • Hb 
Spray • time • Hb 
1 
2 
7 
13 
0.0003 
0.0001 
0.0005 
0.0005 
0.60 
0.20 
1.00 
ns 
ns 
ns 
Total 
Time 
46 
2 
0.0315 
0.1816 
Hb 
Hb • time 
7 
14 
0.0953 
0.0108 
8.82 O.Ol*^  
Spray 
Spray • time 
Spray * Hb 
Spray • time • Hb 
1 
2 
7 
13 
0.0704 
0.0053 
0.0070 
0.0103 
6.84 
0.51 
0.68 
0.01*^  
ns 
ns 
Because chemical analyses at each sampling time were from 
samples composited from all replications, errors (a), (b) and 
(c) could not be computed. To test the significance of Hb, 
the Hb * time interaction was used as the error estimate; to 
test the significance of spray and its two-factor interactions, 
the spray * time * Hb interaction was used as the error 
estimate. 
••Significant at the 0.01 level for this table and all 
subsequent tables. 
Figure 1. Relationship between mean percentage of N, P or 
K contents of the leaves averaged over all hy­
brids without and with foliar fertilization, and 
at different sampling times, Experiment 1, 1975 
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Table 11. Analyses of variance for N, P, and K contents in 
com grain, Experiment 1, 1975 
Source df KS P > F 
N 
Total 
Rep 
Hb 
Error (a) 
Spray 
Hb*spray 
Error (b) 
31 
1 
7 
7 
1 
7 
8 
0.0167 
0.0001 
0.0157 
0.0024 
0.0038 
0.0042 
0.0448 
6.6320 
0.0854 
0.0937 
0.01** 
ns 
ns 
Total 
Rep 
Hb 
Error (a) 
Spray 
Kb*spray 
Error (b) 
31 
1 
7 
7 
1 
7 
8 
% P 
0.0005 
0.0010 
0.0004 
0.0005 
0.00001 
0.0009 
0.0004 
0.8021 
0.0317 
2.1905 
ns 
ns 
ns 
Total 
Rep 
Hb 
Error (a) 
Spray 
Hb*spray 
Error (b) 
31 
1 
7 
7 
1 
7 
8 
fo K 
0.0022 
0.0007 
0.0038 
0.0018 
0.0007 
0.0014 
0.0023 
2.1512 
0.3103 
0.6256 
ns 
ns 
ns 
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Based on the hypothesis of nutrient translocation from 
the leaves to the grain during the grain-filling period, one 
would expect that foliar fertilization would increase the 
nutrient contents of the grain. But this did not occur in 
this experiment. Failure to increase the nutrient contents 
of the grain may be due to several factors, among which are 
the following; (1) loss of the nutrients applied on the 
foliage through leaching and other mechanisms before they were 
absorbed; and (2) inadequate absorption of foliarly applied 
nutrients due to the nutrient composition and pH of the 
nutrient spray (Boynton, 195^ ; Boroughs and Labarca, 1962; 
Teubner et al., 1957; Yeh, I967), due to relative humidity 
and air temperatures (Boynton, 195^ ; Cook and Boynton, 1952), 
and due to factors intrinsic to the plant (Volk and McAuliffe, 
1954; Wittwer and lundahl, 1951; Gustafson, 1956). Also, 
marginal leaf bum may have limited intake of applied nutri­
ents by leaves and, thus, the nutrient contents of the grain. 
Experiment 2. Foliar Fertilization of Corn 
with Rates of N, P, K and S 
Materials and methods 
A field experiment to investigate the effect of foliar 
fertilization with rates of N, P, K and S on corn grain yield 
was conducted in the summer of 1975' From now on, this ex­
periment will be referred to as the Rates experiment. 
The experiment was located in the same area as the hybrid 
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experiment. A widely grown variety in Iowa, Pioneer 3780, 
was machine planted on June 1, 1975 i:i rows spaced O.76 m 
(30 in.) between the rows and at the rate of about 49,400 
kernels per hectare (20,000 kernels per acre). A randomized 
complete block design of three replications was used in this 
study. Each plot was four rows of com wide, 3»05 m (10 ft), 
by 9.14 m (30 ft) long. 
Fertilizer solutions containing the desired amounts of 
N, P, K and S in various combinations plus 0.1# Tween 80 were 
prepared. The characteristics and composition of the sources 
of N, P, K and S are shown in Table 1. The treatment com­
binations and the amounts of chemicals contained in each 
treatment are shown in Table 12. 
These fertilizer solutions were sprayed on the plant as 
previously described at the rate of 500 1/ha per application, 
beginning on August 7, which was three weeks after 75# silk­
ing. A total of three separate foliar applications of fer­
tilizer solutions were made at 8-day intervals, or as weather 
conditions permitted, and each application contained the 
amounts of N, P, K and S shown in Table 12. 
Spraying was completed on August 23 and the experiment 
was harvested by hand on October 28. The central 7-62 m 
(25 ft) of each of the middle two rows were harvested, and 
the desired data were collected as was described for the 
Hybrid experiment. 
Leaf and grain samples were collected, prepared for 
Table 12, Treatment combinations and amounts of chemicals contained in each 
treatment, Experiment 2, 1975 
Total amounts of chemicals in treatments 
Treat­
ment 
no. 
Treatment 
combination 
ke/ha Urea 
Polyphosphate 
K NH4 K2SO4 (NH^JgSO^ 
0.1# 
Tween 
80 HgO 
-l/ha— 
Total 
volume 
N P K S kg/ha ———l/ha———— kg/ha 
1 0 0 0 0 
2 0 2 2 1 9.05* 5.55 5 483.86 500 
3 10 2 2 1 19.07 9.05 5.55 5 469.56 500 
4 20 2 2 1 41.29 9.05 5.55 5 452.81 500 
5 10 0 2 1 22.22 5.55 5 476.20 500 
6 10 4 2 1 15.91 18.10 5.55 5 451.00 500 
7 10 2 0 1 17.27 8.82 4.17 5 470.00 500 
8 10 2 4 1 20.35 5.13 5.34 5.55 5 467.40 500 
9 10 2 2 0 20,78 6.75 4.16 5 468.50 500 
10 10 2 2 2 16.89 6.75 4.16 8.33 5 466.60 500 
®The best source of P for treatment 2 was ammonium polyphosphate and the amount 
used also contained 1.42 kg/ha N which is very small as compared with the other N 
rates. 
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chemical analyses and analyzed for percentages of N, P and 
K as was previously described for the Hybrid experiment. 
Results and discussion 
The weather at the experimental site on which this ex­
periment was conducted was similar to that previously de­
scribed for the Hybrid experiment. 
The mean grain yields are shown in Table 13• Table 14 
shows that foliar fertilization had no significant effect on 
the overall mean grain yield, but it was significant at the 
ZOfo level when the mean grain yields of treatments 2-10 were 
compared with that of treatment 1 which received no foliar 
fertilization and was the control. However, this signifi­
cance is not high enough to be of any practical importance. 
Table 13 also shows the mean seed weight and ear length. 
Foliar fertilization had no significant effect on either yield 
component (Table 15)• 
The percentages of total N, P and K in the grain and 
leaves as affected by foliar fertilization are shown in 
Table 16. Althou^  foliar fertilization had no significant 
effect on the overall mean N content of the grain, a parti­
tioning of the degrees of freedom for treatment showed that 
foliar fertilization had a significant effect at the 15^  level 
on the N content of the grain as compared with that of the 
control (Table 17). A further partitioning of the within 
treatment degrees of freedom also revealed that foliar-applied 
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Table 13• Effect of foliar fertilization on mean grain yield, 
seed wei^ t and ear length, Experiment 2, 1975 
Treatment 
no. 
Treatment combination 
kg/ha Mean yield 
q/ha 
Mean 
seed 
weight 
ë 
Mean 
ear 
length 
cm N P K S 
1 0 0 0 0 96.3 31.7 19.8 
2 0 2 2 1 103.3 33.3 20.5 
3 10 2 2 1 101.3 33.3 20.6 
4 20 2 2 1 99.2 32.7 19.4 
5 10 0 2 1 104.5 32.7 19.8 
6 10 4 2 1 100.3 32.3 19.8 
7 10 2 0 1 96.0 33.3 20.3 
8 10 2 4 1 100.2 32.7 19.0 
9 10 2 2 0 98.7 32.0 20.5 
10 10 2 2 2 99.7 31.3 20.2 
N had a significant, positive and linear effect at the 5^  
level on the N content of the grain (Table 17 and Figure 2), 
but the quadratic component of the response was not signifi­
cant. 
Foliar-applied P also had a significant, positive effect 
at the 5^  level on the P content of the grain (Table 17 and 
Figure 2), but the quadratic component of the P response also 
was not significant. 
All the plots in Figure 2 were obtained by varying the 
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Table 14. Analysis of variance for grain yield (q/ha), 
Experiment 2, 1975 
Source df MS F P > F 
Total 29 23.05 
Rep 2 50.73 
Treatment (Trt) 9 21.49 1.04 ns 
Trt 2-10 vs Trt 1 1 44.25 2.13 0.20 
Within Trt 2-10 8 18.65 0.90 ns 
Error 18 20.75 
Nonorthoffonal comparisons 
N 2 12.61 0.61 ns 
P 2 14.37 0.69 ns 
K 2 23.16 1.12 ns 
1 26.04 1.26 ns 
1 20.27 0.98 ns 
S 2 5.18 0.25 ns 
Error 18 20.75 
L^inear and quadratic components, respectively for this 
table and all subsequent tables. 
Table 15. Analyses of variance for seed weight and ear length, Experiment 2, 1975 
Source df 
Seed weight 
WIS F P > F 
Ear length 
MS F P > F 
Total 
Rep 
Treatment 
Error 
29 
2 
9 
18 
1.09 
2 .13  
1.50 
0.76 
1.96 0.11 
0.84 
0 . 3 3  
0 . 8 0  
0 . 9 1  
0 .88  ns 
Table 16. Effect of foliar fertilization on mean N, P and K contents in corn grain and leaves. 
Experiment 2, 1975 
Treatment 
Leaves 
Treat­
ment 
no. 
comDinacion 
k/ha Grain 2nd sampling. 8-7-75 3rd sampling. 8-26-75 
N P K S % N % P % K % N % P % K % N % P % K 
1 0 0 0 0 1.54 0.30 0.35 2.72 0.23 1.45 2.04 0.20 1.40 
2 0 2 2 1 1.50 0.28 0.38 2.53 0.27 1.55 2.04 0.22 1.45 
3 10 2 2 1 1.67 0.30 0.38 2.87 0.29 1.70 2.18 0.28 1.48 
4 20 2 2 1 1.71 0.29 0.35 2.58 0.27 1.40 2.16 0.21 1.36 
5 10 0 2 1 1.62 0.28 0.38 2.69 0.28 1.40 2.04 0.24 1.38 
6 10 4 2 1 1.70 0.32 0.48 2.61 0.26 1.40 2.24 0.22 1.35 
7 10 2 0 1 1.56 0.32 0.35 2.77 0.26 1.40 2.14 0.24 1.30 
8 10 2 4 1 1.73 0.31 0.38 2.87 0.23 1.55 2.16 0.20 1.40 
9 10 2 2 0 1.70 0.30 0.35 2.73 0.24 1.40 2.24 0.20 1.36 
10 10 2 2 2 1.66 0.30 0.40 2.75 0.24 1.50 2.30 0.22 1.40 
Leaves sampled on August 7 prior to first foliar application averaged 3.03% N, 0.30% P and 
1.90% K. 
Table 17. Analysis of variance for N, P and K contents in corn grain, Experiment 2, 1975 
Source df 
7o N 7. P 7o K 
NS F P > F MS F P > F MS F P > F 
Total 19 0.0097 0.004 0.0025 
Rep 1 0.0039 0.0016 0.0011 
Treatment 9 0.0124 1.62 ns 0.0004 1.39 ns 0.0029 1.30 ns 
Treatments vs none 1 0.0213 2.78 0.15 
Within treatments 8 0.0113 1.47 ns 
N 2 0.0228 2.97 0.10+ 
1 0.0400 5.22 0.05* 
1 0.0056 0.73 ns 
Error 9 0.0077 
P 2 0.0010 3.66 0.08+ 
1 0.0020 7.05 0.03* 
1 0.0001 0.33 ns 
Error 9 0.0003 
K 
1 
1 
Error 
0.0006 
0.0009 
0.0003 
0.0022 
0.55 
0.41 
0.14 
ns 
ns 
ns 
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Figure 2. Effect of foliar-applied N or P on the percentage of total N 
in the grain. Experiment 2, 1975 
or P 
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amounts of one nutrient while the other nutrients were held 
constant. In the plot of percentage of total N in the grain 
versus foliar-applied N, for example, the amount of applied N 
was varied while the amounts of P, K and S were held constant. 
The increases in N and P contents in the grain are in 
agreement with the findings of Schumacher and Welch (1970). 
The significant positive relationships "between foliar fer­
tilization with N and P and the N and P contents 
of the grain were expected because of the hypothesis of 
nutrient translocation from the leaves to the grains during 
the grain-filling period. The additional nutrients applied 
to the foliage were readily absorbed by the leaves and subse­
quently translocated to the grain with a consequent increase 
in the N and P contents of the grain. 
Foliar-applied K had no significant effect on the K con­
tent of the grain. It is possible that, although foliar-
applied K may have been effectively absorbed by the foliage, 
such absorbed K was more effectively translocated to other 
plant parts, e.g., stems and cobs than to the grain. 
The effects of foliar fertilization on the N, P and K 
contents of com leaves sampled at different times are shown 
in Table 16. The relationships between foliar-applied N, P 
and K, and the nutrient contents of the leaves, sampled on 
August 15 and August 26, 8 and 11 days after the first and 
second foliar fertilizations, respectively, are shown in 
Figure 3» All the plots in this figure were obtained by 
ICI 
3.0 
CO 
UJ 
> 
< 
UJ 
25 
e 
2.0 
Code kg/ha/application 
N K 
0 
1 
2 
0 
10 
20 
0 
2 
Sampled August 15,8 days after 
first foliar fertilization 
1  
N—— Sampled August 26, II days after ^ 
K"T..".. second foliar fertilization ^ 
2.0 
CO 
UJ 
> 
< 
w 
_l 
1.52 
h-
IJO 
0 I 2 
CODED FOLIAR-APPLIED N OR K (kg/ha/application) 
a 0-3 
LU 
0^.2 
S .  
y 
1 
_L 
FOLIAR APPLIED P ( Kg/ha/application} 
Figure 3» Effect of foliar-applied N, P or K on the per­
centage of total K, P or K in the leaves. 
Experiment 2, 1975 
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varying the amounts of one nutrient while the other nutrients 
were held constant. 
Foliar-applied N, P and K had similar effects on the leaf 
N, P and K contents, respectively. In all cases, the nutrient 
contents of the leaves as compared with the control were in­
creased when initial rates of 10, 2 and 2 kg/ha per applica­
tion of elemental N, P and K, respectively, were applied. 
However, the nutrient contents of the leaves were decreased 
by the second increments of N, P and K, compared with the 
initial rate. This probably was due to leaf burn. Whereas the 
variation in leaf N content due to foliar fertilization with 
rates of N was fairly high, that due to foliar-applied K was 
slight. The variation in the content of leaf P was very 
slight. Besides, the explanation of the responses to foliar-
applied N, P and K was complicated by the variations in the 
sources of the different nutrients contained in each of the 
treatments. There appears to be noticeable variations in the 
N and K contents of the leaves and these were probably due to 
foliar fertilization. 
Figure 3 also shows the general decline in the nutrient 
content of the leaves as grain-filling progressed during the 
growing season. Again, this could be attributed to the trans­
location of these nutrients from the leaves to the grain. 
This finding agrees with those of Hanway (1962b), Williams 
(1955)t Jordan et al. (1950), and Sayre (1948). 
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Experiment 3. Foliar Fertilization of Com with Rates 
of N, P, K and S Applied at Different 
Developmental Stages of the Plant 
Materials and methods 
In the summer of 1975» & field experiment was conducted 
to investigate the effect on corn of foliar fertilization with 
rates of N, P, K and S applied at different developmental 
stages of the plant- From now on, this experiment will be 
referred to as the Time experiment. 
A widely grown com variety in Iowa, Pioneer 3780, was 
machine planted on June 1, 1975, in rows spaced O.76 m (30 in.) 
apart between the rows and at the rate of 49,400 kemels/ha 
(20,000 kernels/A). A split-plot randomized block design of 
three replications was used in this study. Four of the main 
plot treatments were different times of foliar application at 
the different com developmental stages 6, 7. 8 and 9 (i.e., 
12, 24, 36 and 48 days after 75^  silking, respectively). 
Another treatment consisting of application at each of the 
four developmental stages, referred to as "all-stage" treat­
ment, was included to give a total of five main plots. Each 
main plot was 4 rows wide, 3'05 m (10 ft), by 24,4 m (80 ft) 
long. Each main plot was divided into four subplots, each 
4 rows wide, 3»05 m, by 6.10 m (20 ft) .long, which received 
the different rates of foliar-applied fertilizer designated 
RO, Rl, R2 and R3 as shown in Table 18. 
Fertilizer solutions for the different rates of foliar 
Table 18. Treatment combinations and amounts of chemicals contained in each 
treatment, Experiment 3» 1975 
Total amounts of chemicals in each treatment 
Treat­
ment 
code 
Treatment 
combination 
kg/ha 
N P K S 
Urea 
kg/ha 
Polyphosphate 
K (NH^ igSO^  
--kg/ha--
0.1# 
Twe en 
80 HpO 
Total 
volume 
RO 0 0 0 0 
R1 20 if 4 2 37.60 13.51 8.32 8.33 10 935.16 1000 
R2 40 8 8 4 75.24 24.23 16.61 16.66 15 1378.12 1500 
R3 60 12 12 6 112.85 40. 54 24.92 25.00 20 1815.48 2000 
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applications, containing the desired amounts of elemental 
N, P, K and S in the same ratio as they supposedly occur in 
the com grain plus 0.I5S Tween 80 were prepared. The char­
acteristics and composition of the sources of N, P, K and S 
were the same as those shown in Table 1. The treatment com­
binations, and the amounts of the different chemicals used for 
the respective treatments, are shown in Table 18. Fertilizer 
solutions for the "all-stage" treatment were the same as those 
shown in Table 18, except that sufficient water was added to 
each treatment to make up the volume required for the several 
foliar fertilizations shown in Table 19 for each treatment. 
The solutions were sprayed on the plants between 7 and 10 a.m. 
at the rate of 500 1/ha per application as in the Hybrid 
experiment. Spraying was done usually at 3-day intervals or 
as weather conditions permitted to reduce or eliminate leaf 
bum. The number of times of treatment applications and the 
total amounts of nutrients applied during the different de­
velopmental stages are shown in Table 19» 
Foliar applications of the Rl, R2 and R3 treatments at 
stage 6 were all started on August 12 and ended on August 
15. 16 and 18, respectively. Applications of Rl, R2 and R3 
rates of stage 7 were all started on August 23 and ended on 
August 26, 28 and 31, respectively, whereas those at stage 8 
were all begun on September 6 and terminated on September 9, 
13 and 16, respectively. At stage 9. applications of Rl, R2 
and R3 were all begun on September I6 and terminated on 
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Table 19• Total amounts of nutrients applied and number of 
times of foliar fertilization at different de­
velopmental stages, Experiment 3» 1975 
Number of foliar 
Total nutrients fertilization applications 
applied, kg/ha Stage Treat­
ment 
code N P K S 6 7 8 9  All-stage 
EC 0 0 0 0 0 0 0 0 0 
R1 20 4 4 2 2 2 2 2 8 
R2 40 8 8 4 3 3 3 3 12 
R3 60 12 12 6 4 4 4 4 16 
September 19, 21 and 24, respectively. In the case of the 
all-stage treatment, the plots were sprayed each time the 
plots of the other developmental stages were sprayed, but at 
25^  of the designated rates so that the total amounts of 
nutrients applied were the same as those shown in Table 19-
The experiment was harvested by hand on October 28. The 
central 4.57 m (I5 ft) of each of the middle two rows were 
harvested. The data were collected as for the Hybrid experi­
ment . 
Leaf and grain samples were collected, prepared for 
chemical analyses and analyzed for total N, P and K as de­
scribed for the Hybrid experiment. 
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Results and discussion 
Grain yield and yield components The mean grain 
yields for rates of foliar applications at the different 
developmental stages are shown in Table 20. The analysis of 
variance of grain yield over all developmental stages and 
rates is shown in Table 21 and the analysis of variance of 
yield excluding the all-stage treatment is shown in Table 22. 
Both Tables 21 and 22 show that there was no significant dif­
ference among the mean grain yields for all the different 
developmental stages receiving foliar fertilization, whether 
the all-stage treatment was included or excluded from the 
analysis. Moreover, rates of foliar fertilization averaged 
over all developmental stages had no significant effect on 
the mean grain yields. 
Partitioning the degrees of freedom for the stage effect 
as shown in Table 21 revealed that the yield of the all-stage 
treatment was not significantly different from that of stages 
6-9. But, within stages 6-9 and averaged over all rates, 
there was a significant linear effect of stage on yield at 
the level. This linear effect of stage averaged over RO-
R3 on yield is illustrated in Figure 4. Although the yields 
of the individual nutrient rates at different stages varied 
considerably from the average of all rates, the trend effect 
indicated that augmentation of the nutrient supply at the 
later growth stages has a greater effect on corn yield than 
at the earlier stages. Foliar application at later growth 
Table 20. Effect of rates of foliar fertilization applied at different develop­
ment stages on mean grain yield (q/ha), Experiment 3, 1975 
Treat­
ment 
code 
Treatment combination 
ke/ha Developmental stages 
N P K S 6 7 8 9 All-stage 
HO 0 0 0 0 85.0 89.3 92.8 90.7 88.0 
HI 20 4 4 2 89.4 87.0 87.2 92.9 103.8 
R2 40 8 8 4 84.6 91.9 98.8 97.4 86.5 
R3 60 12 12 6 93.9 86.8 88.6 91.1 90.6 
R0-R3& 
- - -
- 88.2 88.8 91.8 93.0 92.2 
Rl-R3^  - - - - 89.3 88.6 91.5 93.8 93.6 
A^verages of R0-R3 and R1-R3, respectively. 
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Table 21. Analysis of variance of grain yield (q/ha) over 
all developmental stages, Experiment 3» 1975 
Source df MS F P > F 
Total 59 53.71 
Rep 2 65.17 1.58 0.26 
Stage 4 57.17 1.39 0.32 
All-stage vs others 1 29.96 - -
Within stages 6-9 3 66.24 1.61 0.24 
Stagey 1 184.80 4.48 0.07+ 
Remainder 2 6.96 - -
Error (a) 8 41.23 
Rate (over all stages 3 28,08 — — 
Rate (over stages 6-9) 3 40.83 - -
Rate^  1 21.00 - -
Rateg 
Rateg 
1 22.14 - -
1 79.35 1.74 0.21 
Stage * rate 12 85.71 1.88 0.08+ 
All-stage vs 
others * rate 3 199.71 4.38 0.02* 
Within stages 
6-9 * rate 9 47.71 1.05 
St age * rateg 1 129.49 2.84 0.10+ 
Stageg * rateg 1 I65.OO 3.62 0.07+ 
Remainder 7 19.27 - -
Error (b) 30 45.58 
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Table 22. Analysis of variance of grain yield (q/ha) over 
all developmental stages except the all-stage 
treatment. Experiment 3. 1975 
Source df MS F P > F 
Total 47 47.46 
Rep 2 50.47 
Stage 3 66.24 1.25 ns 
Error (a) 6 52.97 
Rate 3 40.83 0.92 ns 
Stage*rate 9 47.71 1.08 ns 
Error (b) 24 44.23 
stages when the leaves have depleted nutrient contents should 
sustain the photosynthetic activity of the leaves with a con­
sequent increase in yield according to the theory underlying 
foliar fertilization. 
Partitioning the rate effects averaged over stages 6-9 
showed that the dominant effect of foliar application was the 
cubic component but this had little significance (Table 21). 
Including all stages, the stage * rate interaction was sig­
nificant at the 10^  level (Table 21). A breakdown of the 
stage * rate interaction degrees of freedom showed the 
followingi (a) The interaction between the all-stage vs all 
100 
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DEVELOPMENTAL STAGES 
Figure Relationship between grain yields and rates of foliar fertilization 
applied at different developmental stages, Experiment 3» 1975 
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others * rate was significant at the 5^  level, indicating that 
the response to rate of foliar application of the all-stage 
treatment was different from that averaged over stages 6-9. 
This significant interaction was caused "by the high yield of 
R1 at the all-stage treatment (Table 20); the yield of the R1 
treatment in one replicate was much higher than all other 
yields with one exception. One would, therefore, question 
whether this interaction was real, considering the rate re­
sponses at all other stages, (b) The components of the within 
stages 6-9 * rate interaction had little significance with the 
exception of the stage linear * rate cubic and stage quadratic 
* rate cubic interactions which were significant at the 10^  
and Tfo levels, respectively. These interactions cannot be 
explained, and the probability for occurrence of such inter­
actions involving cubic functions are quite low and their 
repeatability is nil. 
A multiple regression analysis of the data including only 
stages 6-9 revealed that the maximum R (the coefficient of 
multiple determination which is an estimate of the propor­
tion of the total variability in yield accounted for by the 
factors included as independent variables in the regression 
analysis) of the yield (q/ha) on a 3-variable, 9-term model 
including quadratic functions of stage, rate and stand and 
all possible linear * linear interactions was only 0.15, 
indicating a poor fit to the yield data. The linear effect 
of stage was significant at the % level only in the 
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2- or 3-term multiple linear regression models which had 
an of about 0.11. The cubic effects of the rate response 
and the quadratic and cubic components of the interaction 
between stage and rate shown in Table 21 explain why the 
commonly used quadratic-function regression models gave such 
a poor fit to the yield data. 
The results of the mean seed weight and ear length as 
influenced by the different rates and times of foliar applica­
tions are shown in Table 23. Tables 24 and 25 show that 
neither stage nor rate had any significant effect on either 
the mean seed weight or ear length whether the all-stage 
treatment was included or excluded from the analysis. How­
ever, the effect of stage on ear length was significant at 
the 11^  level when the all-stage treatment was excluded from 
the analysis (Table 25). The lack of significance of stage 
and rate indicates that the main effects of time and rate of 
foliar application had little influence on seed weight and 
ear length. The effect of the stage • rate interaction on 
mean seed weight and ear length also had little significance 
in any of the tests (Tables 24 and 25). 
Chemical analysis of grain The effects of the rate 
and stage treatments on the N, P and K contents of the com 
grain are shown in Table 26. Analyses of variance of the 
nutrient contents in the grain over all stages showed that 
the rate effect on the N and P contents was significant at 
the 10^  level but this effect had no significance on the K 
Table 23. Effect of foliar fertilization on mean seed weight and ear length for 
rates and different developmental stages, Experiment 3> 1975 
Treatment 
combination 
Seed weight, g Ear length, cm 
X J. 
ment 
code 
kg/ha All-
stage 
All-
stage N P K S 6 7 8 9 6 7 8 9 
RO 0 0 0 0 31.3 32.0 31.7 31.3 30.3 18. 7 16.8 19.5 19.8 18.6 
R1 20 4 4 2 31.3 29.7 31.3 31.0 31.0 18.8 17.5 18.6 19.1 18.0 
R2 40 8 8 4 29.7 31.3 31.7 31.3 29.7 18.6 19.0 17.8 17.8 19.2 
R3 60 12 12 6 30.3 30.3 32.5 30.7 31.7 18.5 17.8 20.0 19.4 19.3 
Table Zli-, Analyses of variance of seed weight and ear length over all develop­
mental stages, Experiment 3, 1975 
Source df 
Seed weight, g Ear length, cm 
MS F P > F MS F P > F 
Total 
Rep 
Stage 
Error (a) 
57 
2 
4 
8 
Rate 3 
Stage*rate 12 
Error (b) 28 
1.65 
3.91 
2.33 
2.83 
0 .80  
1.75 
1.10 
0 .82  ns 
0.73 
1.60 
ns 
0.15 
2.12 
17.13 
2 . 2 4  
1.16 
1.93 0 .20  
0.92 0.58 
1.78 1.11 
1.59 
ns 
ns 
Table 25. Analyses of variance of seed weight and ear length over all develop­
mental stages except the all-stage treatment, Experiment 3» 1975 
Source df 
Seed weight, g 
MS F P>F 
Ear length cm 
MS P > F 
Total 
Rep 
Stage 
Error (a) 
45 
2 
3 
Rate 3 
Stage*rate 9 
Error (b) 22 
1.60 
1.92 
2 .66  
2.99 
1.29 
1.43 
1.15 
0.89 
1.12 
1.24 
ns 
ns 
ns 
2.24 
16.08 
2.92 3.06 
0.96 
0.88  
2.04 
1.50 
0.58 
1.36 
0.11 
ns 
ns 
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Table 26. Effects of rates of foliar fertilization applied 
at different developmental stages on the mean N, 
P and K contents in the com grain. Experiment 3. 
1975 
Developmental stages 
Treatment 
code& 6 7 8 9 
All-
stage 
% total N 
RO 1.55 1.53 1.45 1.51 1.51 
R1 1.50 1.49 1.47 1.54 1.46 
R2 1.54 1.53 1.63 1.54 1.51 
R3 1.59 1.64 1.53 1.63 1.56 
% total P 
RO 0.29 0.29 0.28 0.32 0.27 
R1 0.30 0.30 0.32 0.30 0.32 
R2 0.30 0.31 0.28 0.31 0.31 
R3 0.31 0.32 0.32 0.30 0.31 
'fa total K 
RO 0.43 0.35 0.38 0.45 0.40 
R1 0.38 0.40 0.35 0.40 0.40 
R2 0.48 0.48 0.35 0.50 0.38 
R3 0.38 0.38 0.40 0.38 0.40 
T^reatment combinations are given in Table 23. 
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content in the grain (Table 2?). The stage effect on the K 
content was significant at the 10^  level but this effect had 
no significance on the N and P contents of the grain. The 
stage * rate interaction effect had no significance on the 
N, P and K contents of the grain. Table 28 shows that, when 
the all-stage treatment was excluded from the analyses, there 
was no significant effect of stage, rate or the stage * rate 
interaction on the P and K contents of the grain, but the 
effect of rate on the N content was significant at the 10^  
level. Inspection of treatment means for percentage N in the 
grain from R1 to R3 for developmental stages 6 to 9 showed an 
average increase in percentage N in the grain with an increase 
in the rate of foliar-applied N (Table 26). But these in­
creases in grain N were not associated with yield increases. 
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Table 2?. Analyses of variance of N, P and K contents in the 
grain over all developmental stages, Experiment 3, 
1975 
Source df MS P > F 
Total 
Rep 
Stage 
Error (a) 
Rate 
Stage * rate 
Error (b) 
39 
1 
4 
4 
3 
12 
15 
% N 
0.00638 
0.00012 
0.00266 
0.,01035 
0.01930 
0.00344 
0.00649 
0.26 
2.97 
0.53 
ns 
0.06+ 
ns 
Total 
Rep 
Stage 
Eror (a) 
Rate 
Stage * rate 
Error (b) 
39 
1 
4 
4 
3 
12 
15 
0.00029 
0.00001 
0.00015 
0.00005 
0.00062 
0.00042 
0.00023 
3.11 
2.64 
1.80 
ns 
0.09+ 
ns 
Total 
Rep 
Stage 
Error (a) 
Rate 
Stage * rate 
Error (b) 
% K 
39 0.00391 
1 0.01806 
4 0.00428 
4 0.00103 
3 0.00556 
12 0.00311 
15 0.00394 
4.15 
1.41 
0.79 
0.10+ 
ns 
ns 
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Table 28. Analyses of variance of N, P and K contents in the 
grain over all developmental stages except the 
all-stage treatment, Experiment 3. 1975 
Source df MS P.> F 
Total 
Rep 
Stage 
Error (a) 
Rate 
Stage * rate 
Error (b) 
31 0.00617 
1 0.00500 
3 O.OOI63 
3 0.00764 
3 0.01708 
9 0.00433 
12 0.00568 
0.21 
3.01 
0.76 
ns 
0.07+ 
ns 
Total 
Rep 
Stage 
Error (a) 
Rate 
Stage • rate 
Error (b) 
31 
1 
3 
3 
3 
9 
12 
0.00028 
0.000003 
0.00019 
0.00006 
0.00026 
0.00042 
0.00028 
3.03 
0.93 
1.49 
ns 
ns 
ns 
Total 
Rep 
Stage 
Error 
Rate 
Stage 
(a) 
rate 
Error (b) 
31 
1 
3 
3 
3 
9 
12 
% K 
0.00467 
0.01531 
0.00552 
0.00135 
0.00844 
0.00309 
0.00464 
4.08 
1.82 
0.67 
ns 
ns 
ns 
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FOLIAR FERTILIZATION OF CORN IN 1976 
Three more experiments to investigate the effect of 
foliar fertilization on com during the grain-filling period 
were conducted in 1976. These experiments, except for some 
modifications, were a repeat of the 1975 experiments. They 
included the following: 
Experiment 4. Response of com hybrids to foliar fer­
tilization with N, P, K and S 
Experiment 5» Effect on corn of foliar fertilization 
with N, P, K and S in factorial combina­
tions 
Experiment 6. Foliar fertilization of com with rates of 
N, P, K and S applied at different de­
velopmental stages of the plant 
Experiment 4. Response of Corn Hybrids to Foliar 
Fertilization with N, P, K and S 
This experiment together with the other two experiments 
were to be conducted at the Berky experimental farm. But 
these experiments were destroyed by a tornado on June I3, 
1976, and by hail two weeks later before the commencement of 
foliar fertilization, and were therefore abandoned. Since 
there were no more seeds and it was too late to replant 
anyway, the Hybrid experiment could not be repeated. How­
ever, Experiments 5 and 6 were relocated to the Bruner Farm 
and will be discussed. 
121 
Experiment 5» Effect on Corn of Foliar Fertilization 
with N, P, K and S in Factorial Combinations 
Materials and methods 
Experimental site and methods This experiment and 
Experiment 6 were conducted on the Bruner Farm located about 
eight miles west of Ames. The experimental site had been in 
a soybean-corn-soybean rotation in 1973. 1974 and 1975. re­
spectively. The soybeans in 1973 received no fertilizer ap­
plication but those in 1975 received uniform fertilization 
of 0 + 89.6 + 89.6 kg/ha (0 + 80 + 80 lb/A) of N, and 
KgO, respectively. The corn in 1974 received a uniform fer­
tilization of 112 + 89.6 + 89.6 kg/ha (100 + 80 + 80 lb/A) of 
N, PgO^ j, and KgO, respectively. Before planting the 1976 
com on which Experiments 5 and 6 were conducted the site had 
received a uniform fertilization of 0 + 89.6 + 89.6 kg/ha 
(0 + 80 + 80 lb/A) of N, PgO^  and KgO, respectively, as a 
fall plow-down application. It was top dressed in the spring 
before planting with 112 kg/ha (100 lb/A) of N. 
The soils at this site were essentially the same as those 
previously described for the 1975 Hybrid experiment. The 
chemical analyses of the plow-layer horizon (O-I5 cm) of the 
site are shown in Table 29. The soils were medium in avail­
able P and low-medium in available K. No analysis for avail­
able N was performed but the average level of nitrifiable N 
in the Nicollet and Webster soils is in the low-medium range. 
At the Bruner Farm, the available P and K levels in the 
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Table 29. Chemical analyses of the plow layer (0-15 cm) at 
the experimental site, Factorial experiment, 1976 
June 22 October 24 
Soil reaction (pH) 7.1 7.1 
Soil reaction (buffer pH) 7.2 7.3 
Nitrogen Low-medium low-medium 
Available P (pp2m) 36 (medium) 43 (medium) 
Available K (pp2m) 127 (low-medium) 166 (medium) 
subsoil are very low and very low to low, respectively.^  
A field experiment designed to investigate the effect on 
com of foliar fertilization with N, P, K and S in factorial 
combinations was conducted in the summer of 1976. This ex­
periment was a repeat of the 1975 Rate experiment with modi­
fications. From now on, this experiment will be referred to 
as the Factorial experiment. 
A widely grown variety in Iowa, Pioneer 3780, was machine 
planted on May 27, 1976 in rows spaced 0.76 m apart between 
the rows and at the rate of 49,400 kernels/ha. An incomplete 
factorial of treatment combinations in a randomized complete 
block design of three replications was used in this experiment. 
The core treatment design was a cube with extended edges as 
shown in Figure 5 and which included the first 15 treatments 
D^r. J, R. Webb, Agronomy Department, Iowa State Uni­
versity, personal communication. 
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53-10*7-8 
53-27-10 7-2 7 
27-5 3-2 7 53-5 3-2 7 
27-0-2 7 
Figure 5* An incomplete 4^  factorial treatment design with 
a midpoint, Factorial experiment, 1976 
124 
listed in Table 30. These treatments included four equally-
spaced increments of N, P and S plus one point in the center 
of the cube having levels one-half increment from the other 
levels. The level of K was held constant in these treatments. 
Additional treatments 16-28 were added (Table 30) to include 
all levels of each nutrient at fixed levels of the other three 
nutrients and to determine the effect of the surfactant at 
two levels of the nutrients. This treatment design has the 
advantages of permitting one to use fewer treatments (only 15 
in this case) than is required for a complete factorial having 
64 treatments, and further permits the estimation of the 
quadratic effects and interactions with good precision. Fur­
thermore, a graphic representation of the results is also 
possible. 
Each plot was 4 rows wide (3»05 m) by 12.2 m (40 ft) 
long, and each received foliar fertilization with N, P, K 
and S in different combinations. 
Fertilizer solutions containing all the desired amounts 
of N, P, K and S plus 0.1# Tween 80 were prepared (Table 30). 
The characteristics and composition of the sources of N, P, K 
and S were the same as those shown in Table 1, except that the 
percentage P in ammonium polyphosphate was 16.16 instead of 
15.90. 
The fertilizer solutions were sprayed on the plants be­
ginning on August 20, that is, four weeks after 75^  silking, 
using portable hand sprayers with a medium drop-size nozzle 
Table 30. Treatment combinations and amounts of chemicals in 
each treatment, Factorial experiment, 1976 
Treat- Treatment combination Polypho sphates 
urea « 
no • K P K S ]cg/ii8i icg/ha 
1 40 8 8 4 79.23 38.65 22.72 
2 27 5.3 8 2.7 53.28 38.65 6.01 
3 27 5.3 8 5.4 48.03 38.65 6.01 
4. 27 10.7 8 2.7 45.11 38.65 39.43 
5 27 10.7 8 5.4 39.86 38.65 39.43 
6 53 5.3 8 2.7 111.06 38.65 6.01 
7 53 5.3 8 5.4 105.81 38.65 6.01 
8 53 10. 7 8 2.7 102.90 38.65 39.43 
9 53 10.7 8 5.4 97.64 38.65 39.43 
10 0 5.3 8 2.7 38.65 6.01 
11 80 10.7 8 5.4 157.64 38.65 39.43 
12 27 0 8 2.7 60.0 
13 53 16 8 5.4 89.62 38.65 72.22 
14 27 5.3 8 0 58.53 38.65 6.01 
15 53 10.7 8 8 92.59 38.65 39.43 
16 40 5.3 8 2.7 82.17 38.65 6.01 
17 80 5.3 8 2 . 7  165.81 38.65 6.01 
18 53 0 8 2 . 7  117.78 
19 53 8 8 2 . 7  107.00 38.65 22.70 
20 53 16 8 2.7 95.00 38.65 72.21 
21 53 5 . 3  8 0 116.31 38.65 6.01 
22 53 5 . 3  8 8 100.75 38.65 6.01 
23 53 5 . 3  0 2 . 7  105.00 32.80 
24 53 5 . 3  4 2 . 7  108.00 19.32 19.41 
25 53 5 . 3  16 2 . 7  117.35 47.32 
26 0 0 0 0 
27 0 0 0 0 
28 53 5.3 8 2 . 7  107.00 38.65 22.70 
K^agSC^  was used. 
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and a controlled air pressure of 2.81 'k.g/cm (40 lb/in. ). 
Spraying was done in the morning between 7 and 10 a.m. , and 
at the rate of 150 1/ha of fertilizer solution per application 
and 200 l/ha per application for treatment 25. Two separate 
applications of fertilizer solutions, each containing one-
half of the total amounts of nutrients shown in Table 30, were 
made at two-week intervals. The rest of the procedures were 
the same as those previously described for the 1975 Hybrid 
experiment. Spraying was completed on September 3 and the 
experiment was harvested by hand on October 25. The central 
6.10 m (20 ft) of each of the middle two rows was harvested. 
The desired data were collected as previously described. 
Plant and statistical analyses Leaf and grain samples 
were randomly collected, prepared for analyses and analyzed 
as previously described for the 1975 Hybrid experiment. The 
plant material for the subsequent experiment was prepared and 
analyzed likewise. 
The statistical analyses of this experiment and Experi­
ment 6 are the same as described for the 1975 Hybrid experi­
ment. 
Results and discussion 
Weather in 1976 Table 31 shows the mean monthly tem­
perature and the total monthly precipitation and their devia­
tions from normal for the 1976 growing season at the Agronomy 
Farm located near Ames. These weather conditions are assumed 
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Table 31. Mean monthly temperatures and total monthly pre­
cipitation and deviations from normal for the 
1976 growing season, Agronomy Farm, Ames 
Month 
Mean 
monthly 
temp. 
OF 
Deviation 
from 
normal 
Total 
monthly 
precip. 
in. 
Deviation 
from 
normal 
May 59.0 -1.5 2.97 -1.52 
June 69.2 -0.3 5.74 -0.03 
July 74.7 1.1 1.10 -2.33 
August 71.4 -0.6 0.25 -3.38 
September 64.0 0.9 0.34 -2.94 
to be the same as those at the Bruner Farm where the 1976 
experiments were conducted. Rainfall was substantially below 
no mal in all months except June. The temperatures were 
slightly below normal for all months except July and September. 
The moisture stress index for 1976 was about 25 (25 
stress days in the 85-day period from 42 days before silking 
to 43 days after silking (R. H. Shaw, Agronomy Department, 
I.S.U., personal communication). This is slight-moderate 
stress. The stress index was less than that of 1975 although 
rainfall was less in July, August and September in 1976 than 
in 1975 (Tables 3 and 31)' In 1976 the com utilized mois­
ture down to 2.1 m (7 ft) depth and this was about 0.6 m 
(2 ft) deeper than in most years (R. H. Shaw, Department of 
Agronomy, I.S.U., personal communication). Moisture stress 
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started about one week before silking and continued at the 
rate of 40 to 60^  of maximum stress until maturity. Because 
of the lack of rainfall in July to September, moisture in the 
plow layer and successively deeper horizons was reduced to the 
wilting point, forcing the com to depend on the water in the 
deeper soil horizons. 
Again, this weather data is included in this discussion 
because it affects the absorption of foliar-applied nutrients 
and the experimental results as was previously indicated. 
Grain yield and yield components The treatment means 
for grain yield, seed weight, ear weight and ear length as 
influenced by foliar fertilization are shown in Table 32. 
Because of the nature of the treatment design in which 
the first 15 treatments are in factorial combinations and the 
rest are not, the statistical analyses of the results were 
divided into two parts. The first part analyzed the first 15 
treatments and the second part analyzed all 28 treatments. 
Table 33 shows the analyses of variance for the first 15 
treatments for the mean grain yield, seed weight, ear weight 
and ear length. This table shows that the treatments, includ­
ing linear and quadratic components and all possible inter­
actions, had no significant effect on grain yield and ear 
weight. But the P • S interaction had a significant effect at 
the Ifo level on seed weight, and the quadratic effects of P 
and S on ear length were close to significance at the 10# 
level. Analysis of all 28 treatments revealed that the 
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Table 32. Effect of foliar fertilization on mean grain yield, 
seed weight, ear weight and ear length. Factorial 
experiment, 1976 
Treat- Treatment combination Seed Ear Ear 
ment Yield weight weight length 
no. N P K S q/ha g g cm 
1 40 8 8 4 80.4 28.2 204.1 8.1 
2 27 5-3 8 2.7 89.2 29.7 220.8 8.0 
.3 27 5.3 8 5.4 82.1 28.1 211.7 7.9 
4 27 10. 7 8 2.7 86.8 28.7 228.3 7.7 
5 27 10.7 8 5 4 87.6 30.3 217.8 7.8 
6 53 5 - 3  8 2.7 87. 0 29.1 228.3 8.0 
7 53 5.3 8 5.4 87.3 28.6 220.8 8.0 
8 53 10.7 8 2.7 87.7 28.4 219.2 7.9 
9 53 10.7 8 5.4 83.9 30.9 229.8 8.1 
10 0 5.3 8 2.7 84. 3 29.0 217.7 7.9 
11 80 10. 7 8 5.4 86.8 29.4 220.7 8.0 
12 27 0 8 2.7 93.0 29.1 223.8 7.8 
13 53 16 8 5.4 83.6 28.2 222.3 7.9 
14 27 5 - 3  8 0 88.7 29.5 217.7 7.6 
15 53 10.7 8 8 90.3 30.6 211.7 7.9 
16 40 5.3 8 2.7 85.8 30.6 225.2 8.0 
17 80 5.3 8 2.7 82.0 27.1 204.1 7.8 
18 53 0 8 2.7 84.9 27.0 210.2 7.9 
19 53 0 8 2.7 86.9 28.2 219.2 8.0 
20 53 16 8 2.7 84.3 28.9 211.7 8.2 
21 53 5.3 8 0 87.2 28.4 225.3 8.2 
22 53 5.3 8 8 83.2 28.6 213.2 8.0 
23 53 5.3 0 2.7 83.8 28.4 216.2 7.8 
24 53 5.3 4 2.7 84.6 27.4 222.3 7.9 
25 53 5.3 16 2.7 81.9 28.8 211.7 7.9 
26 0 0 0 0 84.6 28.2 213.2 7.6 
27 0 0 0 0 _ 73.7 26.3 199.6 7.7 
28 53 5.3 8 2.7 77.5 27.4 199.6 7.8 
C^ontained no surfactant. 
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Table 33» Analyses of variance of mean grain yield, seed 
weight, ear wei^ t and ear length of the first 15 
treatments, using stand level as a covariate, 
Factorial experiment, 1976 
Source df MS F P > F MS F P > F 
Grain yield. q/ha Seed weight, g 
Total 44 40.36 3.56 
Rep 2 68.00 5.61 
Stand 1 317.53 8.47 0.01** 7.76 2.05 0.16 
N 1 34.77 0.93 ns 0.89 0.24 ns 
P 1 4.91 0.13 ns 0.009 - ns 
S 1 45.31 1.21 ns 6.04 1.60 ns 
1 15.41 0.41 ns 0.19 0.05 ns 
P^  1 18.74 0.50 ns 7.18 1.90 0.18 
S^  1 8.59 0.23 ns 2.42 0.64 ns 
N * P 1 37.78 H
 
H
 
ns 0.27 0.07 ns 
N * S 1 3.39 0.09 ns 0.06 0.02 ns 
P * S 1 6.47 0.17 ns 13.10 3.46 0.07+ 
Error 32 37.50 3.79 
Ear weight, f, Ear length, cm 
Total 44 236.99 0.099 
Rep 2 185.41 0.137 
Stand 1 315.27 1.12 ns 0.003 0.03 ns 
N 1 79.56 0.28 ns 0.003 0.03 ns 
P 1 12.77 0.05 ns 0.005 - ns 
S 1 15.80 0.06 ns 0.140 1.33 ns 
1 45.90 0.16 ns 0.109 1.03 ns 
p2 1 107.16 0.38 ns 0.273 2.59 0.12 
S^  1 90.88 0.32 ns 0.294 2.79 0.11 
N * P 1 290.36 1.03 ns 0.077 0.73 ns 
N * S 1 24.05 0.09 ns 0.011 0.11 ns 
P * S 1 22.69 0.08 ns 0.081 0.77 ns 
Error 32 282.16 0.105 
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treatments had no significant effect on grain yield, seed 
weight, ear weight and ear length (Table 34). 
Effects on mean grain yield of rates of each nutrient 
with the rates of the others held constant are shown in 
Table 35' These comparisons were selected from the factorial 
set and from the rest of the treatments. Although all nutri­
ents except S appeared to have a slight positive effect on 
yield at all rates except the highest one, analyses of vari­
ance of these nonorthogonal sets showed no significant effect 
on yield. Two comparisons of the surfactant treatment showed 
that the surfactant without any fertilizer decreased the 
yield (Treatment 2? vs 26, Table 32) but the surfactant with 
fertilizer increased the yield (Treatment 6 vs 28). These 
differences, however, are not significant. 
The moisture stress that occurred uniformly from silking 
to maturity, as discussed in the weather section, limited the 
potential yield. As will be discussed in the next section, 
the corn developed nutrient deficiencies, particularly of P 
after silking, because of the drying of the surface soil and 
adjacent subsurface horizons. The available P and K levels 
in the upper soil horizons and the applied P and K fer­
tilizers thus became positionally unavailable to the com. 
Moreover, too little rainfall occurred in August and September 
to rewet the surface horizons and, therefore, the problem of 
P and K unavailability persisted. 
The lack of significant effects of foliar fertilization 
Table Jh. Analyses of variance of mean grain yield, seed weight, ear weight 
and ear length for all treatments, using stand level as a covariate, 
Factorial experiment, 1976 
Source df MS F P > F MS F P > F 
Grain yield (q/ha) Seed weight (g)^  
Total 83 45.51 3.5542 
Rep 2 161.75 12.27 
Stand 1 472.42 12.55 0.01** 17.4464 5.62 0.02* 
Treatment 27 30.50 0.81 ns 3.4260 1.10 ns 
Error 53 37.65 3.1063 
Ear weight (k) Ear length (cm) 
Total 83 260.88 0.0998 
Rep 2 445.50 0.3026 
Stand 1 277.19 0.97 ns 0.0739 0.70 ns 
Treatment 27 197.90 0.69 ns 0.0772 0.73 ns 
Error 53 287.18 0.1051 
T^otal and error degrees of freedom are 82 and 52i respectively. 
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Table 35- Effect of selected treatments involving rates of 
foliar N, P, K and S on mean grain yields, Fac­
torial experiment, 1976 
Treatment Rate (k^ ha) yield 
no. N P K S q/ha 
10 0 84.3 
2 27 89.2 
16 40 85.8 
6 53  87 .0  
17 80 82.0 
18 0 84.9 
6 5.3 87.0 
19 8.0 86.9 
8 10.7 87.7 
20 16.0 84.3 
23 0 83.8 
24 4 84.6 
6 8 87.0 
25 16 81.9 
21 0 87.2 
6 2.7 87.0 
7 5.4 87.3 
22 8.0 83.2 
R^ates of other nutrients were the same for all rates of 
each nutrient. 
135 
on the above variables, particularly grain yield, is in dis­
agreement with the findings of Narayanan and Vasudevan (1959). 
Singh and Sarolia (1970) and Barel (1975) who reported grain 
yield increases resulting from foliar fertilization of corn 
in more favorable growing seasons. However, it is worth 
noting that these investigators used single fertilizer formu­
lations instead of complete fertilizer formulations. Also, 
they applied foliar fertilizers at earlier developmental 
stages of the com. For instance, Barel (1975) used differ­
ent phosphatic compounds applied singly, and foliar fer­
tilized the com three times, at two ft tall, just before 
tasseling and after silking. But the results are in agree­
ment with those of Schumacher and Welch (1970). However, 
they used only nitrogen and the time of foliar fertilization 
was not specified. 
Grain yield of the first 15 treatments was positively and 
significantly correlated at the 1^  and levels with seed 
weight and ear weight, and ear length, respectively. The 
correlation coefficients between grain yield and seed weight, 
ear weight and ear length were 0.48, 0.74 and 0.29, respec­
tively. Although these yield components were correlated 
with grain yield, they did not significantly influence the 
grain yield per se. However, these correlations were probably 
due to random variations in yield of which seed weight, ear 
weight and ear length are positively correlated components. 
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Chemical analyses of com grain and leaves The mean 
percentages of total N, P and K in the grain and leaves as 
affected by foliar fertilization are shown in Table 36. The 
grain N levels are slightly below to slightly above the 1.55 
to 1.60^  N that Pierre et al. (1977) found to be associated 
with maximum com yield with respect to N. The grain P 
levels are in the low end of the range of 0.2 to 0.6# P 
found in many grain samples by Jones and Eck (1973)' The 
grain P levels in this experiment were considerably lower than 
the grain P in the 1975 experiments. These low levels of P 
in the grain indicate that the com was P deficient, probably 
due to drought-induced deficiency as will be discussed later. 
The grain K levels were in the upper part of the range of 
0.2 to 0.4# K reported by Jones and Eck (1973)' 
The analyses of variance of the N, P and K contents in 
the grain for the first 15 treatments, using stand levels as 
a covariate, are shown in Table 37» The multiple regressions 
of yield on the nutrient contents of the grain are shown in 
Table 38. The most significant terms were selected from the 
analyses of variance for these regressions but the linear 
term was retained if its squared term or one of its interac­
tions was significant. 
Both foliar-applied N and S had significant curvilinear 
effects and their interaction had a significant, positive 
effect on grain N (Tables 37 and 38). These effects are shown 
in Figure 6 for most of the relevant range. The positive 
Table j6. Effect of foliar fertilization on mean percentages of total N, P and K 
in corn grain and leaves, Factorial experiment, 1976 
Treat­
ment 
no. 
Treatment combinations 
kg/ha Grain Leaves^  
N P K S io N 1» P fo K fo N io P 9S K 
1 40 8 8 4 1.63 0.22 0.35 1.56 0.11 1. 00 
2 27 5.3 8 2.7 1.65 0.24 0.36 1.73 0.10 0.98 
3 27 5.3 8 5.4 1.56 0.24 0.36 1.55 0.10 1.09 
4 . 27 10.7 8 2.7 1.61 0.28 0.38 1.83 0.15 1.00 
5 27 10.7 8 5.4 1.48 0.25 0.36 1.54 0.11 1.03 
6 53 5.3 8 2.7 1.58 0.22 0.34 1.62 0.12 1.08 
7 53 5.3 8 5.4 1.65 0.25 0.37 1.53 0.10 1.03 
8 53 10.7 8 2.7 1.59 0.23 0.34 1.67 0.10 0.91 
9 53 10.7 8 5.4 1.58 0.25 0.35 1.65 0.13 1.06 
10 0 5.3 8 2.7 1.45 0.24 0.35 1.94 0.18 0.85 
11 80 10.7 8 5.4 1.68 0.25 0.35 1.59 0.11 0.90 
12 27 0 8 2.7 1.53 0.24 0.35 1.87 0.11 1.10 
ip 53 16 8 5.4 1.66 0.25 0.35 1.65 0.15 0.90 
14 27 5.3 8 0 1.43 0.24 0.34 1.62 0.11 0.97 
15 53 10.7 8 8 1.51 0.24 0.35 1.66 0.11 0.91 
16 40 5.3 8 2.7 1.55 0.24 0.34 1.75 0.13 1.08 
17 80 5.3 8 2.7 1.60 0.24 0.35 1.73 0.13 0.94 
18 53 0 8 2.7 1.68 0.23 0. 34 1.77 0.11 0.94 
19 53 8 8 2.7 1.58 0.26 0.36 1.79 0.12 0.92 
20 53 16 8 2.7 1.66 0.24 0.38 1.87 0.20 0.94 
21 53 5.3 8 0 1.68 0.26 0.33 1.75 0.12 1.04 
22 53 5.3 8 8 1.64 0.22 0.36 1.67 0.10 1.15 
23 53 5.3 4 2.7 1.66 0.23 0.36 1.84 0.14 0.87 
24 53 5.3 4 2.7 1.71 0.26 0.36 1.78 0.11 1.00 
25 53 5.3 16 2.7 1.59 0.22 0.33 1.94 0.13 0.93 
26 0 0 0 0 1.56 0.23 0.35 1.75 0.11 1.02 
27 0 0 0 0 1.56 0.22 0.33 1.63 0.08 1.09 
28 53 5.3 8 2.7 1.65 0.24 0.35 1.98 0.15 1.01 
S^ampled on September 3 prior to second foliar application; leaves sampled on 
August 20 prior to first foliar application averaged 1.67 0.12 ^ P, and 0,90% K. 
Table 37. Analyses of variance for mean percentages of total N, P and K contents 
in corn grain for the first 15 treatments, using stand level as a co-
variate, Factorial experiment, 1976 
fo N _^P % 
Source df MS F P > F MS F P > F MS F P > F 
Total 44 0.0115 0.0005 0.0004 
Rep 2 0.0254 0.0016 0.0019 
Stand 1 0.0024 0.33 ns 0.0000 - ns 0.000007 0.03 ns 
N 1 0.00006 0.01 ns 0.00097 2.49 0.13 0.00035 1.30 ns 
P 1 0.0037 0.51 ns 0.0017 4.38 0.04* 0.00180 6.71 0.01** 
S 1 0.0257 3.54 0.07+ 0.0004 1.05 ns 0.000054 0.20 ns 
1 0.0246 3.39 0.08+ 0.00008 0.21 ns 0.000038 0.14 ns 
p2 1 0.00002 - ns 0.0020 5.17 0.03* 0.00022 0.80 ns 
1 0.0422 5.80 0.02* 0.00004 0.10 ns 0.00021 0.77 ns 
N * P 1 0.0011 0.16 ns 0.0014 3.67 0.06+ 0.00059 2.18 0.15 
N * S 1 0.0352 4.85 0.04* 0.0021 5.49 0.03* 0.00151 5. 63 0.02* 
P * S 1 0.0068 0.94 ns 0.0014 3.66 0.07+ 0.0006 2.25 0.14 
Error 32 0.0073 0.00039 0.00029 
T^otal and error degrees of freedom for % K are 4-3 and 3I, respectively. 
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Table 38. Regression parameters of grain N, P and K on rates 
of N, P and S, "based on the first 15 treatments, 
Factorial experiment, 1976 
"bi values 
 ^N in  ^P in  ^K in 
Variable grain grain grain 
Intercept 1.430** 0.238** 0.331** 
N 0.00181 ns -0.00108 ns -0.00061 ns 
P - 0.00697* 0.00736* 
S 0.0534+ -0.00551 ns 0.00346 ns 
-O.OOOO83* - -
P^  - 0.000626* -
-0.01547** - -
N • P - -0.000180* -0.000062 ns 
N • S 0.001816* 0.0005771** 0.00021 ns 
P * S - -0.002072* -0.001187+ 
0.41 0.29 0.19 
N * S interaction shows that foliar N decreased grain N at 
the zero level of S, that higher rates of foliar S decreased 
grain N at the low level of N and that a "balance "between the 
rates of N and S was required to obtain a maximum increase 
in grain N. 
A probable explanation for the effect of the N * S inter­
action on grain N is the positive relationship between total 
N in the grain and total crude protein, which consists of 
several different amino acids among which are the sulfur-
containing amino acids (e.g., methionine, cystine and cysteine). 
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% N = 1.430+ 0.00181N+ 0.0534S -0.000083N^-
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i-'igure 6. Effect on percentage of total iN in the grain of 
foliar-applied K and S, Factorial experiment. 19?6 
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Foliar-applied P had a significant, curvilinear effect 
on grain P. The effects of both N and S were primarily 
through their hi^ ly significant positive N * S interaction 
and their significant negative interaction with P (Tables 
37 and 38). The effects of foliar-applied P on grain P are 
shown in Figure 7 for selected midrange values of foliar-
applied N and S. The curvilinear effects of foliar P on 
grain P are affected by both the levels of N and S, as shown 
in the figure. At the zero and highest rates of N and S, the 
effects of foliar P on grain P are much greater, with many 
of the predicted values well beyond the observed range of 
grain P values. The large deviations in predicted grain P 
at the lowest and highest rates of the applied nutrients are 
probably due to the experimental design in which values for 
the nutrient rates in the cube part of the design are pre­
dicted more precisely than the rates at the extended points 
or edges. Inspection of the data (Table 3à) indicates that 
the above effects on grain P may have little significance. 
The foliar-applied nutrients had less significant effects 
on grain K than on grain N and P (Tables 36 and 37). Most 
significant effects on grain K were from P and the P * S 
interaction. 
The foliar-applied N and S in the proper balance in­
creased the grain N. This effect was not associated with a 
yield increase, however, although the grain N at low levels of 
both N and S was lower than that necessary for maximum yield 
0.35 
0.30 
< Q: 
o 
2 
£ 0.20 
0.10 
% P=0 238-0 00I08N + 0 00697P-0 0055IS + 0 000626P^ / 
-0 000l80N*P+0 0005771 N*S-0 002072P*S y/ 
n = 45 R^=0 29 
N=27 
S=27 
Y— 
" W  
S=5 4 S=27 
Range of relevant observations-
JL 
5 3 109 
FOLIAR-APPLIED P (kg/ho) 
-fï-
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160 
Figure ?. Effect on percentage of total P in the grain of foliar-applied 
N, P and S, Factorial experiment, 1976 
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(Pierre et al. , 1977). Althou^  the grain P appeared to be 
in the P-deficient range, increases in grain P from the 
proper balance of N, P and S were also not associated with 
grain yield increases. 
There is no definite trend in the results of the N, P 
and K contents of the leaves sampled on September 3« two 
weeks after the first foliar fertilization (Table 36). The 
leaf N, P and K contents, and particularly the P contents, 
are very low as compared with the 1975 leaf analyses results. 
The low leaf N contents may be due to the very low leaf P 
contents as was reported by Dumenil and Hanway (1965). 
But these results are similar to the results Hanway 
(1962c) obtained from corn leaves sampled from continuous 
com plots receiving no fertilizer application and collected 
at about the same time as the leaf samples of this experiment. 
This suggests that the com plants of the experiment must 
have been nutrient-deficient. However, the results of the 
chemical analyses of soil samples from the experimental site 
do not show a condition of nutrient deficiency, although their 
nutrient status was not quite adequate (Table 29). This 
suggests that the nutrient-deficiency was drought-induced as 
was previously suggested. 
Field observations indicated that the plants were already 
under moisture stress as early as July 13. much earlier than 
the first foliar fertilization. Late June or early July 
drought decreases uptake of all nutrients, but late July 
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drought decreases N and P uptake morethan K. 
Voss (1962) found that moderate-severe moisture stress 
in the four weeks prior to silking reduced the leaf N, P 
and K contents of leaves sampled at time of silking by about 
25^ . 49^  and 31S^ . respectively. Averaged over the zero and 
high levels of N, P and K fertilizer treatments, the moisture 
stress reduced the leaf N from 2.4 to 1.8^ , the leaf P from 
0.29 to 0.15^  and the leaf K from 1.4 to I.05S. These results 
due to moisture stress are in agreement with those of this 
experiment, showing the moisture stress caused the plants 
to be deficient in N, P and K. 
Under the conditions of moisture stress and nutrient-
deficiencies, the assumptions of optimal nutrient status and 
adequate water balance of the plant underlying foliar fer­
tilization no longer hold. Therefore, no beneficial results 
could be obtained from foliar fertilization since foliar 
fertilization is an adjunct rather than a substitute to 
fertilization of the crop through the soil. 
The low leaf N was not associated with low grain N. 
Probably nitrates deep in the root zone were absorbed late 
in the season to maintain a nearly adequate to adequate N 
in the grain (Table 36). 
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Experiment 6. Foliar Fertilization of Corn with Rates 
of N, P, K and S Applied at Different 
Developmental Stages of the Plant 
Materials and methods 
The experimental site was located near the 1976 Factorial 
experiment but the soil type was Canisteo (calcareous Webster) 
silty clay loam. The chemical analyses of this soil are 
shown in Table 39-
A field experiment was conducted in the summer of 1976 
to investigate the effect on corn of foliar fertilization 
with rates of N, P, K and S applied at different developmental 
stages of the plant. This experiment was a repeat of the 1975 
time of foliar fertilization experiment but with some modifi­
cations, and it will be referred to as the Time experiment. 
Foliar applications were planned to be made at developmental 
stages 6, 7, 8 and 9 (that is, 12, 24, 36 and 48 days after 
75^  silking, respectively) in this experiment. 
A widely grown variety in Iowa, Pioneer 3780, was 
machine planted on May 27, 1976 in rows spaced O.76 m between 
the rows and at the rate of 49,400 kernels per hectare. A 
randomized complete block design of three replications was 
used in this study. Each plot was 4 rows wide (3»05) m by 
12.19 m (40 ft) long. 
A single fertilizer solution, Rl, was prepared and it 
contained the same amounts of nutrients as Rl shown in Table 
18. A separate solution containing 0.1^  Tween 80 only was 
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Table 39» Chemical analyses of soils at the experimental 
site, Experiment 6, 1976 
June 22 October 25 
Soil reaction (pH) 8.0 8.0 
Soil reaction (buffer pH) 7.5 7.4 
Nitrogen Low-medium Low-medium 
Available P (pp2m) 5 (very low) 5 (very low) 
Available K (pp2m) 99 (low) 112 (low) 
also prepared. The characteristics and sources of N, P, K 
and S were the same as those shown in Table 1, except that 
the percentage P in ammonium polyphosphate was 16.16 instead 
of 15.90. 
The treatment design and the number of foliar applica­
tions per treatment are shown in Table 40. However, treat­
ments 5. 6, 11, 15. 17. 18 and 21 were omitted from the 
experiment because the plants had rapidly dried up due to 
moisture stress by stage 9 when the treatments were to be 
applied. 
The treatments were applied on the plants beginning on 
August 9 for stage 6 (that is, 12 days after silking) 
between 7 and 10 a.m. and at the rate of 250 1/ha per appli­
cation as described for the 1975 Hybrid experiment. For the 
R1 treatments, each application contained the total amount of 
nutrients shown in Table 18. For the R2 rates, the R1 rate 
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Table 40. Treatment design and number of foliar applications 
per treatment, Experiment 6, 1976 
No. of 
Treatment Developmental stafies Ippuf 
no. 6 7 8 9 cations 
1 0 0 0 0 0 
2 xf X X X 4 
3 Rib 1 
4 R2C 1 
5 R1 1 
6 R2 1 
7 R1 1 
8 R2 1 
9 Rl 1 
10 R2 1 
11 R1 R1 2 
12 R1 R1 2 
R1 R1 2 
14d R1 R1 2 
15^  R1 R1 2 
16d HI R1 2 
17 R1 R1 R1 3 
18 R1 R1 2 
20 X 1 
21 X 1 
22 X 1 
23 X 1 
19® R2 7 
= sprayed 0.1^  Tween 80 only. 
R^1 = sprayed 20+4+4+2 kg/ha. of elemental N, P, K 
and S, respectively, per spraying. 
R^2 = spr^ ed 40+8+8 + 4 kg/ha of elemental N, P, K 
and S, respectively, by applying the R1 rate two times about 
two days apart. 
T^reatments 14 and 16 are the same. 
®Applied diluted R2 solution at 6-day intervals. 
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was applied once and then again two days later or as weather 
conditions permitted to eliminate or reduce leaf bum. For 
treatment 19. the fertilizer solution was diluted and applied 
seven times at 6-day intervals beginning on August 9 and at a 
rate to give a total of 40 + 8 + 8 + 4 kg/ha of elemental N, 
P, K and S, respectively. 
Spraying was completed on September 5 for stage 8 with 
the R2 treatment and on September 19 for treatment 19 only. 
The experiment was harvested by hand on October 26. The 
central 6.1 m (20 ft) of each of the middle two rows were 
harvested. The data were collected as described for the 1975 
Hybrid experiment. 
Results and discussion 
Grain yield and yield components The effects of 
foliar fertilization on mean grain yield, seed weight, ear 
weight and ear length are shown in Table 41. 
None of the treatments studied had a significant effect 
on the overall mean grain yield (Table 42). Also, the treat­
ments had no significant effect on the mean seed weight. 
But they had significant effects on ear weight and ear 
length (Table 43). Grain yields were limited by both direct 
and indirect effects of moisture stress, as was explained in 
the Factorial experiment section. 
Grain yield was highly correlated with seed weight (r = 
0.51) and ear weight(r = O.69) but was only slightly 
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Table 41. Effect of foliar fertilization on mean grain yield, 
seed weight, ear weight and ear length, Experiment 
6, 1976 
Treatment 
Treat­
ment 
no. 
arrangement Seed 
weight 
g 
Sar 
weight 
S 
Ear 
length 
cm 6 
-Stage— 
7 8 
Yield 
q/ha 
1 0 0 0 88.6 28.5 219.2 8.2 
2 X X X 88.0 29.5 210.2 8.4 
3 R1 83.8 29.7 217.7 8.3 
4 R2 88.6 31.7 222.3 7.8 
7 R1 87.3 30.9 211.7 8.0 
8 R2 80.8 28.2 199.6 7.8 
9 R1 80.9 30.1 202.6 8.0 
10 R2 85.7 31.9 220.8 8.4 
12 R1 R1 93.3 29.2 232.9 8.3 
13 R1 R1 93.1 31.2 231.3 8.2 
14^  R1 R1 85.1 28.6 215.5 7.8 
20 X 91.0 30.2 228.3 8.3 
22 X 85.0 29.8 208.6 8.0 
23 X 92.7 31.3 228.3 8.2 
19^  R2 90.5 30.6 219.2 8.0 
Observations of treatment 16 were included with those 
of treatment 14, giving 6 observations instead of 3 observa­
tions. as for the rest of the treatments. 
D^escription of this treatment is given in Table 40. 
150 
Table 42. Analysis of variance of the mean grain yields 
(q/ha), Experiment 6, 1976 
Source 
Total 
Rep 
Treatment^  
Within single applications 
Rate 
Stage 
Rate * stage 
Within single vs split 
applications 
Single vs split , 
application of R 
Remainder 
Surfactant 
Surfactant vs none 
Within surfactant 
Error^  
df MS F P > F 
47 54.37 
2 127.16 
14 51.43 1.01 ns 
8 51.55 1.01 ns 
2 78.82 1.54 ns 
2 27.01 0.53 ns 
4 50.20 0.98 ns 
5 75.66 1.48 ns 
1 87.70 1.72 ns 
4 72.65 1.42 ns 
4 26.23 0.51 ns 
1 0.62 0.01 ns 
3 34.78 0.68 ns 
31 51.00 
Within treatments (14 df), the subsets are nonorthogo-
nal comparisons, but within subsets, treatments are orthogo­
nal comparisons for this analysis and subsequent analyses. 
S^rror degrees of freedom are 31 instead of 28 because 
treatment 14 had 6 observations instead of 3 observations as 
for the rest of the treatments for this analysis and subse­
quent analyses. 
Table 43. Analyses of variance of the mean seed weight, ear weight and ear 
length, Experiment 6, 1976 
Source df 
Seed weight, K* Ear weight, e Ear length, cm 
MS F P > F MS F P > F MS F P > F 
Total 47 3.57 205.79 0.0985 
Rep 2 7.84 188.25 0.2202 
Treatment 14 4.48 1.57 ns 303.34 1.86 0.07+ 0.1463 2.12 0.04* 
Error 31 2.86 162.86 0.0691 
^Total and error degrees of freedom are 46 and 30» respectively. 
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correlated with ear length (r = 0.28). The correlation of 
these yield components with grain yield does not actually 
mean much since treatments had no significant effect on 
grain yield. These correlations are probably due to the hi^ i 
correlations among the components themselves. 
Chemical analyses of grain Table 44 shows the re­
sults of the effect of foliar fertilization on the N, P and 
K contents of the grain. Treatments had significant effects 
on the N content of the grain (Table 45). A breakdown of the 
"treatment" degrees of freedom revealed that "within single 
applications" had a significant effect on grain N (Table 45). 
A further breakdown of the "within single applications" de­
grees of freedom revealed that both rate and stage had 
significant effects on grain N. But the rate * stage inter­
action had no significant effect on grain N. 
Grain N was increased with an increase in rate of 
foliar fertilization (Table 46). Grain N was also higher at 
stages 7 and 8 from the foliar application than from applica­
tion at stage 6 (Table 46), indicating that foliar fertiliza­
tion during the late developmental stages of the corn plant 
increases the grain N. 
However, increases in grain N in this experiment were 
not associated with yield increases. The grain N values 
(Table 44) were similar to those reported for the 1976 
Factorial experiment. All of them from treatments without 
foliar application were below the percentage N necessary 
iU • 
1 
2 
3 
4 
7 
8 
9 
10 
12 
13 
14 
20 
22 
23 
19 
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Effect of foliar fertilization on mean percentage 
of total N, P and K in com grain, Experiment 6, 
1976 
Treatment arrangement 
Stage 
6 7 8  ^N io p K 
0 0 0 1.38 0.23 0.35 
X X X 1.42 0.23 0.35 
R1 1.37 0.24 0.36 
R2 1.52 0.24 0.34 
R1 1.55 0.25 0.35 
R2 1.56 0.24 0.37 
R1 1.57 0.25 0.35 
R2 1.61 0.25 0.35 
R1 R1 1.52 0.23 0.36 
R1 R1 1.56 0.25 0.36 
R1 R1 1.56 0.25 0.36 
X 1.42 0.23 0.34 
X 1.35 0.24 0.35 
X 1.48 0.24 0.34 
R2 1.49 0.23 0.34 
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Table 4^ . Analysis of variance for percentage of total N in 
the grain, Experiment 6, 1976 
Source df MS F P > F 
Total 47 0.0126 
Rep 2 0.0169 
Treatment 14 0.0216 2.61 0.01** 
Within single 
applications 8 0.0253 3.05 0.02* 
Rate 2 0.0471 5.67 0.01** 
Stage 2 0.0305 3.67 0.05* 
Rate * stage 4 0.0119 1.43 ns 
Within single vs 
split applications 5 0.0035 0.42 ns 
Single vs split 
application of R2 1 0.0008 0.10 ns 
Remainder 4 0.0042 0.51 ns 
Surfactant 4 0.0034 0.41 ns 
Surfactant vs none 1 0.0034 0.41 ns 
Within surfactants 3 0.0085 1.02 ns 
Error 31 0.0083 
155 
Table 46. Two-way table for rate and stage effects on the 
mean percentage of total N in grain, Experiment 6, 
1976 
% total N 
Stage 
Rate 6 7 8 X 
RO 1.42 1.48 1.35 1.42 
R1 1.37 1.57 1.55 1.50 
R2 1.52 1.61 1.56 1.56 
X 1.44 1.55 1.49 
for obtaining maximum yield as was discussed in the 1976 
Factorial experiment section. Grain P values (Table 44) 
were also similar to those reported for the 1976 Factorial 
experiment, and were in the deficiency range. 
Apparently, moisture stress indirectly and directly 
limited yields and induced nutrient deficiencies as was dis­
cussed in the 1976 Factorial experiment section. 
The split applications of the R2 rate (treatments 12, 
13 and 14) had no more effect on grain N than the single 
applications of R2 (treatments 4, 8 and 10), as shown in 
Tables 44 and 45. This indicates that split applications were 
not superior over single applications in this experiment 
when applied during the sixth, seventh and eighth develop­
mental stages of the plant. Therefore, split applications 
156 
have no added beneficial effects on grain N. 
Foliar fertilization had no significant effects on the 
P and K contents of the grain (Table 4?). 
Table 4?. Analyses of variance of the mean percentage of 
total P and K in the com grain, Experiment 6, 
1976 
% P 
Source df MS F P > F MS F P > F 
Total 4? 0.00049 0. 0
 
0
 1
 
Rep 2 0.00027 0. ,00100 
Treatment 14 0.00024 0.39 ns 0. 00019 0.38 ns 
Error 31 0.00062 0. 0
 
0
 
0
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SUMMARY AND CONCLUSIONS 
Foliar fertilization, or foliar feeding in the broad 
sense, involves the application on and subsequent absorption 
of nutrients by all above-ground plant parts, particularly the 
leaves. 
The great potential for foliar fertilization is based 
upon the "self-destructive" processes occurring in plants, 
particularly agricultural crops, during the seed-filling 
period. 
Foliar fertilization of nutrients during this critical 
seed-filling period could minimize these "self-destructive" 
processes of nutrient and photosynthate depletion from the 
leaves, thereby extending their life span so that photosyn­
thesis could be maintained and continued at higher levels to 
boost yields. Adequate nutritional status of the leaves 
geared toward the same goals of maintaining leaf integrity 
and increasing yields could also be achieved from foliar 
fertilization. 
The objectives of the work reported in this thesis were 
to investigate: 
1. The response of com hybrids, grown under reasonably 
optimum conditions, to foliar fertilization with N, 
P, K and S during the grain-filling period. 
2. The effect of foliar fertilization with rates of N, 
P, K and S during the grain-filling period on corn 
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grain yield and yield components. 
3. The effect of foliar fertilization with rates of N, 
P, K and S applied at different developmental stages 
of the plant on grain yield and yield components. 
4-. The effect of foliar fertilization with N, P, K and 
S during the grain-filling period on the elemental 
composition of corn leaves and grain. 
Three experiments were conducted in 1975 at the Agronomy 
Farm to study the above objectives. These experiments were 
as follows; 
Experiment 1. Response of com hybrids to foliar fer­
tilization with N, P, K and S. 
Experiment 2. Foliar fertilization of corn with rates 
of N, P, K and S. 
Experiment 3- Foliar fertilization of com with rates 
of N, P, K and S applied at different 
developmental stages of the plant. 
The weather in 1975 was not very favorable for field 
research. The rainfall during the growing season was below 
normal in all months except June. The estimated moisture 
stress index at the experimental site was about 3I (31 stress 
days in the 85-day period) which is moderate stress. 
More than one-half of this stress occurred in about a 15-day 
period, 10-25 days after silking. Some of this stress was 
severe enough in this period to cause some wilting and reduce 
yield potential. Moreover, the variations in temperature and 
vapor pressure deficit influenced the absorption of foliar-
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applied nutrients by the leaves. 
In Experiment 1, eight different com hybrids (Wf9xW22, 
Kol7xN28, B37xWf9, B37xB70, B70xB73. B73xMol7. Q97xQ98. and 
Q51XQ52) were used. All hybrids were single-eared except the 
last two which were two-eared. A split-plot randomized block 
design of three replications was used in this study. The 
hybrids were assigned to the main plots and the unsprayed and 
sprayed treatments were assigned to the subplots. 
The above-ground plant parts, particularly all of the 
leaves, were sprayed during the grain-filling period with a 
fertilizer solution, using portable hand sprayers of medium 
nozzle size and controlled air pressure to give as uniform 
coverage as possible. The fertilizer solution contained 
N, P, K and S in a ratio of 10:2:2:1, respectively. The 
primary sources of N, P, K and S were as follows: urea and 
ammonium sulfate for N, ammonium polyphosphate and potassium 
polyphosphate for P, potassium chloride and potassium sulfate 
for K and ammonium sulfate and potassium sulfate for S. 
Grain and yield components data were collected after the 
plants had reached physiological maturity. Grain and leaf 
samples were randomly collected and prepared for chemical 
analyses as described by Dunphy (as cited on p. 74, herein). 
The results of this experiment indicated that corn hybrids 
responded differently to foliar fertilization. Of the eight 
hybrids studied only the grain yield of hybrid 8 (Q51XQ52), a 
two-eared hybrid, was significantly increased at the 5^  level 
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over the control which received no foliar fertilization. The 
mean grain yields of the control and the plots receiving 
foliar fertilization for hybrid 8 were 75*1 and 91.6 q/ha, 
respectively. Foliar fertilization had no significant effect 
on mean seed weight, "but had a significant effect at the lOfa 
level on the mean ear length. 
The N aad P contents of the leaves were not significantly 
affected by foliar fertilization but leaf K was significantly 
increased. Moreover, foliar fertilization slowed the rate of 
K depletion from the leaves. This condition along with the 
increase in grain yield lend some support to the theory under­
lying foliar fertilization. Foliar fertilization had no sig­
nificant effect on the nutrient composition of the grain. 
A randomized complete block design of three replications 
was used in Experiment 2. Ten different rates of fertilizer 
solutions were used in this experiment. A widely grown variety 
in Iowa, Pioneer 3780, was used in this experiment and all 
subsequent experiments. The experimental procedures and the 
fertilizer sources for N, P, K and S used in this experiment 
were the same as for Experiment 1. 
The results of this experiment showed that foliar fer­
tilization with rates of N, P, K and S had no significant 
effects on mean grain yield, seed weight and ear length, the 
last two being yield components. However, foliar-applied 
N and P significantly increased the N and P contents of the 
grain but foliar-applied K had no significant effect on grain 
161 
K. Also the nutrient contents of the leaves as compared with 
the control which received no foliar fertilization were in­
creased when initial rates of 10 + 2 + 2 + 1 kg/ha per appli­
cation of elemental N, P, K and S, respectively, were applied. 
However, the nutrient contents of the leaves were decreased 
by the second increments of N, P, K and S as compared with the 
initial rate. 
A split-plot randomized block design of three replications 
was used in Experiment 3- Different fertilizer rates were 
applied at different developmental stages of the plant. The 
developmental stages were assigned to the main plots and 
fertilizer rates were assigned to the subplots. The experi­
mental procedure and the fertilizer sources for N, P, K and 
S were the same as for Experiment 1. 
The results of this experiment showed that there was no 
significant difference among the mean grain yields for all the 
different developmental stages receiving foliar fertilization. 
Moreover, the different fertilizer rates averaged over all 
developmental stages had no significant effect on mean grain 
yield. 
Although the yields of the individual fertilizer rates 
applied at different stages varied considerably from the aver­
age of all rates, the trend effect indicated that augmentation 
of the nutrient supply at the later developmental stages of 
the plant had a greater effect on com yield than at the 
earlier developmental stages. Neither stage nor rate had any 
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significant effect on either the mean seed weight or ear 
length, indicating that stage and rate had little influence 
on seed weight and ear length. 
Rate of foliar fertilization had a significant effect 
on the N and P contents of the grain but no significant effect 
on grain K. The stage effect on grain K was significant but 
had no significance on the N and P contents of the grain. The 
stage * rate interaction had no significant effect on the N, 
P and K contents of the grain. 
Three more experiments were planned in 1976 to study the 
same objectives previously stated. But the Hybrid experiment, 
one of the three experiments, was destroyed by a tornado and 
hail and was abandoned. The other two experiments were moved 
to the Bruner Farm. These experiments, except for some modi­
fications, were a repeat of the 1975 experiments. They in­
cluded the following; 
Experiment 5- Effect on com of foliar fertilization 
with N, P, K and S in factorial combina­
tions. 
Experiment 6. Foliar fertilization of corn with rates 
of N, P, K and S applied at different 
developmental stages of the plant. 
The experimental procedures and fertilizer sources for 
N, P, K and S in these experiments were the same as for 
Experiment 1, 1975» 
The weather in 1976 was also not very favorable for field 
research. The rainfall during the growing period was sub­
stantially below normal in all months except June. The tem­
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peratures were sli^tly "below normal for all months except 
July. The moisture stress index for this year was about 25 
(25 stress days in the 85-day period from 42 days before 
silking to 43 days after silking). This is slight-moderate 
stress. Undoubtedly, these weather conditions caused some 
wilting, reduced yield potential and reduced the absorption of 
foliar applied nutrients by the leaves. 
In Experiment 5, the analyses of variance for the first 
15 treatments for the mean grain yield, seed weight, ear weight 
and ear length indicated that the treatments, including linear 
and quadratic components and all possible interactions, had no 
significant effect on grain yield and ear weight. But the 
P * S interaction had a significant effect at the 1% level on 
seed weight, and the quadratic effects of P and S on ear length 
were close to significance at the 10^ level. Analysis of all 
28 treatments revealed that the treatments had no significant 
effect on grain yield, seed weight, ear weight and ear length. 
Both foliar-applied N and S had significant curvilinear 
effects and their interaction had a significant positive effect 
on grain N. The foliar-applied N and S in the proper balance 
increased grain N. But this effect was not associated with a 
yield increase. Foliar-applied P had a significant curvilinear 
effect on grain P and this effect was affected by levels of 
both foliar-applied N and S. Although grain P appeared to be 
in the P-deficient range, increases in grain P from the proper 
balance of N, P and S were also not associated with grain yield 
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increases. The foliar-applied nutrients had less significant 
effects on grain K than on grain N and P. Most significant 
effects on grain K were from P a nd the P • S interaction. 
The N, P and K contents of the leaves were not affected 
by foliar fertilization due to moisture stress. The mois­
ture stress induced nutrient deficiencies, particularly P-
deficiency in the leaves and subsequently in the grain. These 
effects may have limited response to foliar fertilization. 
In Experiment 6, a randomized complete block design of 
three replications was used. Different rates of fertilizer 
solutions were applied on the plants at different developmental 
stages. 
The results of this experiment showed that none of the 
treatments studied had a significant effect on the overall mean 
grain yield. Grain yields were, however, limited by both 
direct and indirect effects of moisture stress. Treatments 
also had no significant effects on mean seed weight but they 
had significant effects on mean ear weight and ear length. 
Treatments had significant effects on grain N. Grain N 
was increased with an increase in rate of foliar fertilization 
and was higher at stages 7 and 8, indicating that foliar 
fertilization during the late developmental stages of the com 
plant increases grain N. However, increases in grain N were not 
associated with yield increases. Split applications of the 
R2 rate (40 +8+8+4 kg/ha of elemental N, P, K and S, 
respectively) had no more effect on grain N than the single 
165 
applications of the same rate. Foliar fertilization had no 
significant effects on the P and K contents of the grain. 
In conclusion it can be stated that foliar fertilization 
during the grain-filling period had little effect on corn 
yield and had variable effects on the other parameters studied 
for the five field experiments conducted in 1975 and 1976. 
The moisture stress in both years may have limited re­
sponses since foliar fertilization is believed to be most 
effective when all growth factors are optimal or near optimum. 
The results in these two years thus may be different from 
those under favorable growing conditions and are inconclusive. 
Nevertheless, they supply vital information regarding foliar 
fertilization of com during the grain-filling period. It is 
suggested that these studies be further pursued, paying more 
attention to some of the multi-ear com hybrids which pose as 
potentially rewarding candidates in studies of this nature. 
Also, there is a need to study the effects of weather and 
varying degrees of moisture stress on corn responses to foliar 
fertilization. 
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APPENDIX 
Table Al. Response of corn hybrids to foliar fertilization, 
Experiment 1, 1975 
brid 
0. Hybrid Rep 
Plant s/ha 
Unsprayed 
(x 10^ )^  Ears/ha ( 
Sprayed Unsprayed 
X lo3)& 
Sprayed 
1 Wf9xW22 1 25.8 26.7 27.6 26.7 
2 25.8 25.0 27.6 25.8 
3 33.6 26.7 31.9 27.6 
2 Mol7xN28 1 25.8 24.9 39.6 42.2 
2 32.7 25.8 52.5 49.9 
3 24.1 24.1 30.1 44.8 
3 B37xWf9 1 26.7 25.0 21.5 25.0 
2 25.0 26.7 39.6 41.3 
3 43.1 43.9 43.1 43.1 
4 B37XB70 1 25.0 32.7 38.8 36.2 
2 25.0 24.1 25.8 30.1 
3 28.4 25.0 46. 5 32.7 
5 B70XB73 1 26.7 31.0 39.6 38.8 
2 26.7 27.6 27.6 25.0 
3 25.8 13.8 42.2 18.9 
6 B73xMol7 1 27.6 25.0 31.0 26.7 
2 26.7 22.4 39.6 40.5 
3 32.7 30.1 33.6 31.9 
7 Q97xQ98^  1 26.7 25.0 51.7 53.4 
2 27.6 27.6 43.1 44.8 
3 37.9 43.1 47.4 48.2 
8 Q51XQ52 ^ 1 28.4 33.6 49.1 57.7 
2 25.0 40.5 45.6 45.6 
3 25.8 29.8 41.3 43.1 
H^ad no significant effects on grain yield both at the 
0.05 and 0.10 levels. 
W^eight of 100 seeds in this experiment and all other 
subsequent experiments. 
L^ength of 7 ears. 
2^-ear hybrids. 
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Yield (g/ha) Seed weight^  (g) Ear length^  (cm) 
Unsprayed Sprayed Unsprayed Sprayed Unsprayed Sprayed 
73.6 72.7 33-0 33.0 144.0 140.0 
71.1 89.2 29.0 30.0 147.0 139.5 
77.9 82.1 32.0 31.0 143.0 147.0 
89.3 89.9 39.0 39.0 146.0 159.0 
107.1 91.6 33.0 31.0 138.5 134.0 
79.3 89.1 37.0 38.0 148.0 152.0 
65.6 75.7 32.0 31. 0 154.0 144.0 
104.1 89.8 34. 0 34. 0 148.0 133.0 
80.7 87.7 30.0 30.0 141.0 132.0 
89.3 80.7 35.0 34. 0 148.0 148.0 
86.3 83.6 36.0 36. 0 162.0 151.0 
112.7 91.9 34.0 34.0 149.0 141.0 
82.5 94.4 35.0 33.0 143.0 134.0 
83.9 93.1 31.0 32.0 150.0 149.0 
89.1 84.9 34.0 33.0 140.0 142.0 
77.8 79.0 37.0 38.0 157.0 158.0 
91.6 77.9 34.0 34. 0 150.0 151.0 
89.1 91.9 36.0 37.0 162.0 162.0 
98.5 97.9 33.0 32.0 137.0 147.0 
98.5 105.6 39.0 39.0 147.0 149.0 
77.9 84.9 32.0 - 143.0 -
77.2 95.0 29.0 28.0 140.0 133.5 
81.2 92.2 33.0 32.0 145.0 145.0 
66.8 87.7 29.0 30.0 142.0 149.0 
Table A2. Effect of foliar fertilization on nutrient content of corn grain, 
Experiment 1, 1975 
Hybrid 
no. Hybrid Rep 
io N 92 P  ^K 
Unsprayed Sprayed Unsprayed Sprayed Unsprayed Sprayed 
1 Wf9xW22 1 1.70 1.74 0.33 0.31 0.40 0.40 
2 1.71 1.68 0.37 0.33 0.45 0.40 
2 Mol7xN28 1 1.58 1.96 0. 32 0.35 0.35 0.35 
2 1.63 1.84 0.34 0.29 0.30 0 . 3 5  
3 B37xWf9 1 1.27 1.74 0.34 0.34 0.35 0.40 
2 1.29 1.84 0.32 0.36 0.40 0.40 
4 B37XB70 1 1.69 1.66 0.33 0.32 0.40 0.40 
2 1.70 1.61 0.29 0.30 0 . 3 5  0.40 
5 B70xB73 1 1.66 1.66 0.34 0.33 0.40 0.40 
2 1.62 1.73 0.32 0.31 0.35 0.50 
6 B73xMol7 1 1.54 1.71 0.31 0 . 3 8  0.55 0.40 
2 1.62 1.70 0.28 0.34 0.35 0.40 
7 Q97XQ98 1 1.66 1.63 0.33 0.29 0.35 0.35 
2 1.63 1.73 0.31 0.33 0.35 0.35 
8 Q51XQ52 1 1.70 1.66 0.34 0.32 0.40 0.40 
2 1.60 1.58 0.31 0.30 0.40 0.40 
Table A^. Correlation matrix, Experiment 1, 1975 
Stand Ear Ear Seed N in P in K in 
Yield level number length weight grain grain grain 
Yield, q/ha 1.00 0.059ns 0.495** -0.100ns 0.268+ 0.296+ -0.277ns -0.372* 
Stand level/ha 1.00 0.407** -0.231ns -0 .298* -0.073ns -0.132ns 0.002ns 
Ear number/ha 1.00 -0.409** -0.095ns 0.117ns -0.173ns -O.372* 
Ear length, cm 1.00 0.54** 0.059ns -0.065ns 0.150ns 
Seed weight, g 1.00 0.099ns 0.011ns -0.127ns 
N in the grain 1.00 0.064ns -0.082ns 
P in the grain 1.00 0.090ns 
K in the grain 1•00 
Table A4. Effect of foliar fertilization with rates of N, t', K and S on corn, 
Experiment 2, 1975 
bintuo"? g"ha Ears/ S^eed^  ^
no. N P K S Rep 
1 0 0 0 0 1 
2 
3 
49.9 
61. 7 
52.5 
2 0 2 2 1 1 
2 
3 
53.4 
53.4 
54.3 
3 10 2 2 1 1 
2 
3 
50.8 
54.3 
49.1 
4 20 2 2 1 1 
2 
3 
47.4 
53.4 
56.8 
5 10 0 2 1 1 
2 
3 
61.1 
51.7 
59.4 
6 10 4 2 1 1 
2 
3 
50.8 
48.2 
50.8 
7 10 2 0 1 1 
2 
3 
54.3 
55.1 
49.9 
• X  lo3 (q/ha) (g) (cm, 
50.8 
52.5 
53.4 
96.6 
92.2 
100.1 
32.0 
32.0 
31.0 
141.0 
135.0 
140.0 
54.2 
50.8 
47.4 
104.6 
100.7 
104.6 
34.0 
34.0 
32.0 
146.0 
137.0 
147.5 
50.8 
55.1 
51.7 
107.9 
102.2 
93.8 
34.0 
32.0 
34.0 
150.0 
144. 0 
138.0 
48.2 
54.3 
50.8 
99.9 
105.4 
92.3 
32.0 
33.0 
33.0 
132.0 
142.0 
134.0 
59.4 
51.7 
57.7 
109.5 
100.7 
103.2 
33.0 
33.0 
32.0 
133.0 
133.0 
149.0 
53.4 
51.7 
47.4 
104.7 
99.1 
97.0 
33.0 
32.0 
32.0 
135.0 
152.0 
129.0 
64.6 
54.3 
99.9 
94.4 
93.8 
33.0 
34.0 
33.0 
144.0 
138.0 
144.0 
8 10 2 4 1 1 46.5 49.9 101. 5 34.0 138.0 
2 49.9 54.3 97.5 33.0 127.0 
3 53.4 57.7 101.6 31.0 135.0 
9 10 2 2 0 1 51.7 54.3 104,7 31.0 147.0 
2 46.5 57.7 94,4 33.0 140. 0 
3 53.4 52.5 97.0 32.0 144.0 
10 10 2 2 2 1 49.1 49.1 95.0 32.0 147.0 
2 57.7 57.7 107,0 32.0 140.0 
3 52.5 55.1 97.0 30.0 137.0 
H^ad no significant effect on grain yield both at the 0.05 and 0,10 levels, 
W^eight of 100 seeds. 
L^ength of 7 ears. 
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Table A5. Effect of foliar fertilization with rates of N, P, 
K and S on the nutrient content of the grain, 
Experiment 2, 1975 
Treatment com-
bination, kg/ha 
no. N P K S Rep  ^N  ^P K 
1 0 0 0 0 1 1.45 0.31 0.30 
2 1.63 0.29 0.40 
2 0 2 2 1 1 1.41 0.30 0.35 
2 1.60 0.29 0.40 
3 10 2 2 1 1 1.70 0.30 0.40 
2 1.64 0.30 0.35 
4 20 2 2 1 1 1.69 0.32 0.35 
2 1.72 0.27 0.35 
5 10 0 2 1 1 1.69 0.29 0.40 
2 1.56 0.26 0.35 
6 10 4 2 1 1 1.74 0.34 0.40 
2 1.66 0.30 0.45 
7 10 2 0 1 1 1.45 0.32 0.35 
2 1.66 0.31 0.35 
8 10 2 4 1 1 1.76 0.31 0.40 
2 1.70 0.31 0.35 
9 10 2 2 0 1 1.71 0.31 0.35 
2 1.68 0.29 0.35 
10 10 2 2 2 1 1.64 0.28 0.40 
2 1.67 0.31 0.40 
Table A6. Correlation matrix, Experiment 2, 1975 
Stand Ear Ear Seed N in P in K in 
Yield level number length weight grain grain grain 
Yield, q/ha 
Stand level/ha 
Ear number/ha 
Ear length, cm 
Seed weight, g 
N in the grain 
P in the grain 
K in the grain 
1.00 0.218ns 0.112ns 0.2^ 3ns 0.031ns 0.l85ns 0.074ns 0.091ns 
1.00 0.416* -0.036ns -0.1l6n3 -0.l49ns -0.159ns -0.021ns 
1.00 -0 .009ns  0.034ns 0.074ns 0.1l4ns -0.157ns 
1.00 -0.052ns -0.203ns -0.002ns 0.332ns 
1.00 -0.070ns -0.157ns -0.047ns 
1.00 0.102ns 0.322ns 
1.00 -0.049ns 
1.00 
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Table A?. Effect on corn of foliar fertilization with rates 
of N, P, K and S applied at different developmental 
stages of the plant, Experiment J, 1975 
Treatment 
m a. combination Developmental stages 
S? (kf/ha) All-
code N P K S Rep 6789 stage 
Plants/ha (x 10^ ) 
RO 0 0 0 0 1 51.7 50.3 47.4 53.2 50.3 
2 50.3 50.3 48.9 43.1 48.9 
3 56.0 50.3 51.7 47.4 56.0 
R1 20 4 4 2 1 46.0 48.9 41.7 51.7 51.7 
2 47.4 43.1 58.9 58.9 50.3 
3 50.3 54.6 57.5 43.1 54.5 
R2 40 8 8 4 1 48.9 46.0 46.0 48.9 53.2 
2 48.9 51.7 48.9 53.2 47.4 
3 48.9 54.6 53.2 43.1 50.3 
R3 60 12 12 6 1 57.5 47.4 43.1 48.9 51.7 
2 46.0 51.7 51.7 51.7 44.5 
3 57.5 48.9 53.2 51.7 54.6 
Ears/ha (x io3) 
RO 0 0 0 0 1 44.5 50.3 51.7 50.3 46.0 
2 48.9 46.0 50.3 40.4 47.4 
3 54.6 53.2 53.2 48.9 56.0 
R1 20 4 4 2 1 48.9 46.0 44.5 51.7 60.3 
2 44.5 43.1 57.5 51.7 51.7 
3 46.0 51.7 50.3 46.0 56.0 
R2 40 8 8 4 1 53.2 47.4 46.0 54.6 50.3 
2 53.2 51.7 46.0 50.3 48.9 
3 47.4 53.2 51.7 41.8 47.4 
R3 60 12 12 6 1 60.3 58.9 46. 0 56.0 47.4 
2 47.4 44.5 47.4 50.3 46.0 
3 57.5 46.0 53.2 50.3 51.7 
Yield (a/h a)  
RO 0 0 0 0 1 78.4 81.0 91.4 91.4 83.6 
2 87.7 92.8 96.6 85.2 91.5 
3 89.0 94.1 90.5 95.6 89.0 
R1 20 4 4 2 1 88.8 88.8 88.8 96.7 114.9 
2 86.4 85.2 90.5 96.6 94.1 
3 93.0 86.9 82.4 85.4 102.4 
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Table A7« (Continued) 
Treatment 
m J. combination Developmental stages 
(Wha) 
code N P K S Rep 6789 stage 
R2 40 8 8 4 1 86.2 91.4 112.3 102.3 91.4 
2 76.0 87.7 86.9 98.1 85.2 
3 91.5 96.6 97.1 91.9 82.9 
R3 60 12 12 6 1 91.6 101.9 91.4 96.7 88.8 
2 94.1 76.0 89.0 95.3 96.6 
3 96.1 82.4 85.4 81.3 86.4 
Seed weight (g)& 
RO 0 0 0 0 1 33.0 33.0 32.0 31.0 31.0 
2 31.0 - 31.0 32.0 30.0 
3 30.0 31.0 32.0 31.0 30.0 
R1 20 4 4 2 1 32.0 30.0 32.0 31.0 32.0 
2 29.0 28.0 32.0 32.0 29.0 
3 33.0 31.0 30.0 30.0 32.0 
R2 40 8 8 4 1 30.0 32.0 32.0 30.0 30.0 
2 28.0 31.0 32.0 32.0 28.0 
3 31.0 31.0 31.0 32.0 31.0 
R3 60 12 12 6 1 31.0 30.0 33.0 31.0 33.0 
2 29.0 32.0 32.0 32.0 31.0 
3 31.0 29.0 - 29.0 31.0 
Ear length ( cm f-
RO 0 0 0 0 1 149.0 135.0 145.0 142.0 130.0 
2 120.0 - 142.0 146. 0 131.0 
3 125.0 100.0 123.0 127.5 130.0 
R1 20 4 4 2 1 139.0 128.0 136.0 140.0 140.0 
2 126.0 122.0 126.0 142.0 110.0 
3 130.0 118.0 129.0 120.0 128.0 
R2 40 8 8 4 1 133.0 140. 0 132.0 135.0 146.0 
2 127.0 132.0 136.0 114.0 125.0 
3 131.5 127.0 113.0 131.0 131.0 
R3 60 12 12 6 1 129.0 126.5 137.0 141.0 136.0 
2 135.0 124.5 142.0 143.0 143.0 
3 124.0 123.0 - 124.0 126.0 
S^eed weight, weight of 100 seeds; ear length, length of 
7 ears. 
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Table A8. Effect on the N, P and K contents of the grain of 
foliar fertilization with rates of N, P, K and S 
applied at different developmental stages of the 
plant, Experiment 3» 1975 
Developmental stages 
All-
Rep 6789 stage 
Treatment 
code N P K S 
 ^total N 
RO 0 0 0 0 1 
2 
1.56 
1.53 
1.58 
1.47 H
 H
 
1.53 
1.49 
1.54 
1.48 
R1 20 4 4 2 1 
2 
1.47 
1.52 
1.50 
1.47 
• 1.66 
1.57 1:54 
1.33 
1.59 
R2 40 8 8 4 1 
2 
1.50 
1.55 
1.68 
1.58 
1.52 
1.55 
1.45 
1.57 
R3 60 12 12 6 1 
2 
1.62 
1.65 
1.52 
1.54 
1.64 
1.62 
1.55 
1.56 
 ^total P 
RO 0 0 0 0 1 
2 
0.29 
0.29 
0.29 
0.29 
0.29 
0.27 
0.32 
0.32 
0.27 
0.27 
HI 20 4 4 2 1 
2 
0.28 
0.32 
0.31 
0.29 
0.32 
0.31 
0.31 
0.29 
0.32 
0.31 
R2 40 8 8 4 1 
2 
0.31 
0.28 
0.31 
0.31 
0.29 
0.28 
0.30 
0.32 
0.31 
0.30 
R3 60 12 12 6 1 
2 
0.30 
0.31 
total K 
0.30 
0.33 
0.30 
0.33 
0.30 
0.29 
0.30 
0.31 
RO 0 0 0 0 1 
2 
0.40 
0.45 
0.35 
0.35 
0.35 
0.40 
0.50 
0.40 
0.35 
0.45 
R1 20 4 4 2 1 
2 
0.35 
0.40 
0.40 
0.40 
d d 
0.40 
0.40 
0.40 
0.40 
R2 40 8 8 4 1 
2 
0.35 
0.34 
0.40 
0.45 
0.35 
0.35 
0.40 
0.40 
0.35 
0.40 
R3 60 12 12 6 1 
2 
0.40 
0.35 
0.35 
0.40 
0.40 
0.40 
0.35 
0.40 
0.40 
0.40 
Table A9. Correlation matrix, Experiment 3, 1975 
Yield 
Stand 
level 
Ear 
number 
Ear 
length 
Seed 
weight 
N in 
grain 
P in 
grain 
K in 
grain Stage® Rate^  
Yield, q/ha 1.00 0.026ns 0.397** 0.047no 0.209ns -0.094ns 0.076ns -0.090ns 0.220+ 0.043ns 
Stand level/ha 1.00 0.628** -0.166ns 0.084ns -0.019ns 0.109ns 0.174ns 0.037ns -0.005ns 
Ear number/ha 1.00 -0.163ns -0.079ns -o.oigns 0.049ns 0.012ns 0.034ns 0.096ns 
Ear length, cm 1.00 0.342** -0.078ns -0.025ns -0.251+ 0.113ns 0.020ns 
Seed weight, g 1.00 -0.042ns 0.127ns -0.172ns 0.004ns -0.086ns 
N in the grain 1.00 0.025ns 0.068ns 0.127ns 0.212ns 
P in the grain 1.00 0.145ns 0.046ns 0.229ns 
K in the grain 1.00 0.00 -0.017ns 
Stage® 1.00 0.00 
Rate^  1.00 
P^lant developmental stage. 
R^ate of foliar fertilization. 
Table AlO. Effect of foliar fertilization on corn and nutri­
ent contents of the grain. Factorial experiment, 
1976 
Treat­
ment 
no. 
Treatment combination 
(kg/ha) 
N P K S Rep 
Plants/ 
ha _ 
X 10-^  
Ears/ 
ha 
1 40 8 8 4 1 45.2 47.4 
2 45.2 42.0 
3 47.4 46.3 
2 27 5-3 8 2.7 1 52.7 48.4 
2 52.7 50.6 
3 43.1 46.3 
3 27 5.3 8 5.4 1 50.6 50.6 
2 47.4 42.0 
3 46.3 47.4 
4 27 10.7 8 2.7 1 40.9 45.2 
2 49.5 46.3 
3 46.3 45.2 
5 27 10.7 8 5.4 1 47.4 49.5 
2 45.2 45.2 
3 47.4 49.5 
6 53 5.3 8 2.7 1 44.1 43.1 
2 47.4 47.4 
3 47.4 47.4 
7 53 5-3 8 5.4 1 50.6 46.4 
2 51.7 45.2 
3 47.4 47.4 
8 53 10.7 8 2.7 1 44.1 47.4 
2 48.4 49.5 
3 47.4 46.3 
9 53 10.7 8 5.4 1 45.2 44.1 
2 46.3 43.1 
3 45.2 44.1 
L^ength of 10 ears except otherwise indicated. 
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Grain Seed Mean Ear Grain composition 
yield (q/ha) weight (ëî ear weight (g) 
length 
(cm) ^ N ^ P K 
77.8 
77.8 
8 5* 5 
27.8 
29.7 
27.0 
195.0 
195.0 
222.3 
77.5 82.0 
82.5 
1.68 
1.57 
1.65 
0.21 
0.25 
0.20 
0.33 
0.38 
0.33 
83.5 
97.8 
86.4 
31.3 
30.2 
27.6 
208.7 
231.3 
222.3 
77.5 
79.0 
84.0 
1.62 
1.66 
1.67 
0.24 
0.25 
0.23 
0.36 
0.38 
0.35 
82.7 
76.2 
87.6 
28.7 
26.4 
29.2 
195.0 
217.7 
222.3 
78.0 
77.0 
82.0 
1.55 
1.59 
1.53 
0.24 
0.24 
0.24 
0.36 
0.36 
0.36 
86.4 
81.9 
92.1 
28.6 
27.4 
30.0 
226.8 
213.2 
244.9 
79.0 
72.0 
79.5 
1.63 
1.66 
0.28 
0.26 
0.30 
0.39 
0.36 
0.38 
97.8 
79.4 
85.5 
32.0 
28.1 
30.9 
235.9 
208.7 
208.7 
78.0 
77.0 
80.0 
1.46 
1.69 
1.50 
0.26 
0.24 
0.24 
0.35 
0.36 
0.37 
80.6 
38.8 
91.6 
27.8 
29.3 
30.3 
226.8 
226.8 
231.3 
76.0 
84.0 
80,0 
1.60 
1.65 
1.48 
0.23 
0.20 
0.23 
0.33 
0.34 
0.34 
85.1 
86.4 
90.4 
27.0 
28.7 
30.0 
208.7 
226.8 
226.8 
83.0 
76.0 
81.0 
1.68 
1.67 
1.61 
0.29 
0.26 
0.21 
0.39 
0.38 
0.34 
91.6 
81.5 
90.0 
28.8 
26.4 
30.0 
231.3 
195.0 
231.3 
82.0 
75.0 
81.0 
1.67 
1.57 
1.53 
0.26 
0.21 
0.21 
0.36 
0.34 
0.31 
00
 00
 00
 
31.6 
30.9 
30.3 
231.3 
235.9 
222.3 
80.0 
83.0 
79.5 
1.61 
1.69 
1.43 
0.25 
0.27 
0.22 
0.35 
0.39 
0.32 
Table AlO. (Continued) 
Treat- Treatment combination Plants/ Ears/ 
ment ha  ^ha 
no. N P K S Rep x 10^ -
10 0 5.3 8 2.7 1 45.2 45.2 
2 48.4 46.3 
3 49.5 47.4 
11 80 10.7 8 5.4 1 48.4 47.4 
2 47.4 47.4 
3 47.4 46.3 
12 27 0 8 2.7 1 46.3 48.4 
2 51.7 51.7 
3 47.4 49.5 
13 53 16 8 5.4 1 48.4 44.1 
2 51.7 45.2 
3 44.1 46.3 
14 27 5.3 8 0 1 49.5 51.7 
2 46.3 46.3 
3 48.4 48.4 
15 53 10.7 8 8 1 49.5 49.5 
2 52.7 53.8 
3 46.3 49.5 
16 40 5.3 8 2.7 1 49.5 45.2 
2 51.7 46.3 
3 46.3 45.2 
46.3 47.4 
48.4 46.3 
48.4 50.6 
48.4 46.3 
51.7 51.7 
46.3 47.4 
17 80 5.3 8 2.7 1 . .
2 
3 
18 53 0 8 2.7 1 
L^ength of 11 ears. 
c d. 
' Length of 8 and 9 ears, respectively. 
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Grain 
yield 
(q/ha) 
Seed 
weight 
(g) 
Kean 
ear weight 
(g) 
Ear 
length 
(cm) 
Grain composition 
96 N <fo P K 
79.4 
81.9 
91.6 
27.2 
28.8 
31.1 
208.7 
213.2 
231.3 
82.0 
77.0 
78.0 
1.39 
1.53 
1.43 
0.23 
0.26 
0.23 
0.36 
0.36 
0.34 
89.2 
81.5 
89.6 
25.3 
32.0 
30.8 
226.8 
204.1 
231.2 
76.0 
91.0% 
80.0 
1.84 
1.63 
1.56 
0.26 
0.26 
0.24 
0.37 
0.36 
0.33 
86.8 
93.3 
99.0 
27.9 
26.1 
33.2 
213.2 
217.7 
240.4 
75.0 
79.0 
80.0 
1.49 
1.50 
1.60 
0.24 
0.24 
0.24 
0.36 
0.36 
0.32 
83.5 
99.0 
68.4 
28.8 
29.5 
26.4 
226.8 
263.1 
176.9 
76.0 
84.0 
76.0 
1.73 
1.64 
1.62 
0.28 
0.25 
0.22 
0.36 
0.34 
0.34 
91.2 
83.1 
91.6 
31.7 
27.4 
29.4 
213.2 
213.2 
226.8 
63.0° 
69.0 
80.0 
1.47 
1.48 
1.33 
0.26 
0.25 
0.22 
0.35 
0.33 
90.8 
93.7 
86.4 
29.2 
32.5 
30.0 
217.7 
208.7 
208.7 
79.0 
79.5 
78.0 
1.57 
1.47 
1.50 
0.25 
0.24 
0.24 
0.35 
0.36 
0.33 
81.5 
88.4 
87.6 
31.9 
28.8 
31.1 
217.7 
226.8 
231.2 
81.0 
77.0 
83.0 
1.55 
1.61 
1.50 
0.26 
0.24 
0.21 
0.34 
0.35 
0.33 
82.3 
78.6 
85.1 
27.1 
27.0 
27.2 
208.7 
204.1 
199.6 
79.0 
78.01 
68.Od 1.57 
0.25 
0.24 
0.22 
0.36 
0.36 
0.33 
83.5 
88.0 
83.1 
27.9 
26.2 
26.8 
217.7 
204.1 
208.7 
83.5 
74.0 
79.0 
1.68 
1.69 
1.67 
0.24 
0.22 
0.23 
0.34 
0.36 
0.33 
Table AlO. (Continued) 
Treat- Treatment combination Plants/ Ears/ 
ment ha . ha 
no. K P K S Rep x 10-^  
19 53 8 8 2.7 1 48.4 47.4 
2 48.4 47.4 
3 47.4 47.4 
20 53 16 8 2.7 1 50.6  4^.5 
2 47.4 48.4 
3 43.1 45.2 
21 53 5.3 8 0 1 50.6 49.5  
2 44.1 42.0 
3 50.6 48.4 
22 53 5.3 8 8 1 48.4 47.4 
2 50.6 49.5 
3 44.1 43.1 
23 53 5.3 0 2.7 1 48.4 48.4 
2 48.4 43.1 
3 46.3 48.4 
24 53 5.3 4 2.7 1 47.4 44.1 2 47.4 47.4 
3 44.1 45.2 
25 53 5.3 16 2.7 1 46. 3 44.1 
2 51.7 48.4 
3 44.1 46.3 
26^  0 0 0 0 1 50.6 42.0 
2 48.4 50.6 
3 47.4 50.6 
27 0 0 0 0 1 44.1 45.2 
2 43.1 42.0 
3 44.1 45.2 
28 53 5.3 8 2.7 1 46.3 47.4 
2 47.4 47.4 
3 46.3 45.2 
L^ength of 12 ears. 
f Contains no Tween 80. 
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Grain 
yield 
(q/ha) 
Seed 
weight 
(ê) 
Mean Ear 
ear weight length 
(g) (cm) 
Grain composition 
 ^N  ^P  ^K 
92.9 
81.1 
86.8 
27.9 
26.9 
29.7 
235.9 
204.1 
217.7 
80.0 
80.5 
80.0 
1.41 
1.74 
1.58 
0.28 
0.28 
0.23 
0.39 
0.38 
0.32 
91.6 
80.6 
80.6 
30.5 
27.7 
28.5 
222.3 
199.6 
213.2 
83.0 
83.0 
81.0 
1,63 
1.81 
1.55 
0.26 
0.24 
0.23 
0.37 
0.40 
0.36 
90.0 
90.8 
80.6 
29.1 
27.6 
217.7 
258.6 
199.6 
83.5 
76.5 
85.5 
1.67 
1.74 
1.64 
0.26 
0.23 
0.28 
0.35 
0.31 
0.33 
83.1 
89.6 
77.0 
26.4 
30.7 
28.6 
208.7 
217.7 
213.2 
84.0^  
84.5b 
78.0 
1.72 
1.62 
1.59 
0.24 
0.21 
0.22 
0.38 
0.36 
0.34 
89.2 
74.1 
88.0 
29.1 
28.5 
27.7 
222.3 
208.7 
217.7 
79.0 
77.0 
77.0 
1.63 
1.67 
1.67 
0.23 
0.22 
0.25 
0.36 
0.35 
0.37 
90.4 
79.4 
83.9 
26.7 
27.9 
27.7 
244.9 
199.6 
222.3 
78.5 
79.0 
77.5 
1.77 
1.77 
1.60 
0.28 
0.26 
0.23 
0.38 
0.36 
0.35 
75.4 
90.8 
79.4 
29.0 
29.5 
27.9 
204.1 
226.8 
204.1 
92.0® 
81.0 
79.0 
1.67 
1.54 
1.56 
0.24 
0.21 
0.22 
0.35 
0.33 
0.32 
81.1 
74.9 
97.8 
28.8 
25.7 
30.0 
231.3 
176.9 
231.3 
73.0 
72.0 
83.0 
1.61 
1.59 
1.49 
0.23 
0.23 
0.22 
0.34 
0.36 
0.34 
79.0 
64.4 
77.8 
25.4 
27.4 
26.1 
208. 7 
186.0 
204.1 
81.0 
74.0 
77.0 
1.57 
1.51 
1.59 
0.23 
0.20 
0.22 
0.34 
0.32 
0.34 
83.9 
68.0 
80.6 
29.1 
23.2 
30.0 
213.2 
172.4 
213.2 
79.0 
77.0 
77.0 
1.64 
1.70 
1.61 
0.25 
0.25 
0.22 
0.36 
0.37 
0.33 
Table Alla. Correlation matrix for the first 15 treatments, Factorial experiment, 1976 
Stand Ear 
Yield level number 
Ear 
weight 
Ear 
length 
Seed 
weight 
N in 
grain 
P in 
grain 
K in 
grain 
Yield, q/ha 1.00 0.41** 0.49** 0.74** 0.29* 0.48** -0.10ns 0.14ns -0.08ns 
Stand level/ha 1.00 0.53** 0.08ns -0.07ns 0.16ns -0.06ns 0.09ns 0.12ns 
Ear number/ha 1.00 -0.18ns -0.02ns 0.23ns -0.31* -0.10ns -0.08ns 
Ear weight, g 1.00 0.30* 0.33* 0.12ns 0.23ns 0.08ns 
Ear length, cm 1.00 0.33* 0.08ns -0.10ns -0.01ns 
Seed weight, g 1.00 -0.29+ 0.11ns -0.14ns 
N in the grain 1.00 0.27+ 0.28+ 
P in the grain 1.00 0.73** 
K in the grain 1.00 
Table Allb. Correlation matrix for all of the 28 treatments, Factorial experiment, 1976 
Stand Ear Ear Ear Seed N in P in K in 
Yield level number weight length weight grain grain grain 
Yield, q/ha 1.00 0.39** 0.46** 0.76** 0.31** 0.50*" -0.16ns 0.18+ 0.02ns 
Stand level/ha 1.00 0.52** 0.08ns 0.01ns 0.19+ 0.02ns 0.17ns 0.18ns 
Ear number/ha 1.00 -0.19+ 0.08ns 0.14ns -0.19+ 0.01ns 0.11ns 
Ear weight, g 1.00 0.26* 0.44** -0.02ns 0.18+ -0.08ns 
Ear length, cm 1.00 0.31** 0.06ns 0.12ns 0.06ns 
Seed weight, g 1.00 -0.35** 0.06ns -0.16ns 
N In the grain 1.00 0.25* 0.29** 
P in the grain 1.00 0.65** 
K in the grain 1.00 
Table A12. Effect on corn and nutrient contents of grain of foliar fertilization 
with rates of K, F K and S applied at different developmental stages 
of the plant, Experiment 6, I976 
Treatment 
arrangement 
Treat­
ment 
no. 
Dev. stages 
6 7 8  Rep 
Plants/ Ears/ 
ha ha 
X lo3 
Grain 
yield 
q/ha 
Seed 
wt 
g 
Mean 
ear wt 
6 
Ear 
length 
cm 
Grain 
fo N 
composition 
P  ^K 
1 0 0 0 1 
2 
3 
47.4 
50.6 
46.3 
47.4 
49.5 
47.4 
90.4 
90.8 
84. 7 
28.5 
29.8 
27.3 
226.8 
217.7 
213.2 
81.0 
83.0 
80.5 
1.38 
1.29 
1.47 
0.22 
0.24 
0.24 
0.33 
0.35 
0.37 
2 X X X 1 
2 
3 
51.7 
53.8 
49.5 
32.7 
49.5 
48.4 
92.1 
92.1 
79.8 
27.9 
30.8 
29.8 
208.7 
222.3 
199.6 
80.5 
85.0 
85.0 
1.39 
1.42 
1.44 
0.19 
0.28 
0.22 
0.33 
0.39 
0.33 
3 R1 1 
2 
3 
50.6 
48.4 
49.5 
49.5 
48.4 
39.8 
86.8 
93.7 
70,9 
26.6 
32.3 
30.1 
208.7 
231.3 
213.2 
78.5 
86. 0 
82.5 
1.35 
1.50 
1.27 
0.23 
0.27 
0.23 
0.34 
0.39 
0.36 
4 R2 1 
2 
3 
52.7 
49.5 
48.4 
48.4 
47.4 
47.4 
92.5 
86.3 
87.2 
33.0 
31.4 
30.7 
226.8 
217.7 
222.3 
74.5 
77.0 
83.0 
1.46 
1.56 
1.54 
0.23 
0.26 
0.22 
0.33 
0.37 
0.32 
7 R1 1 
2 
3 
49.5 
50.6 
51.7 
49.5 
48.4 
50.6 
84.3 
83.9 
93.7 
29.2 
31.3 
32.1 
204.1 
208.7 
222.3 
77.5 
81.0 
79.5 
1.63 
1.63 
1.38 
0.28 
0.22 
0.25 
0.36 
0.34 
0.34 
8 R2 1 
2 
3 
57.1 53.8 
51.7 
39.8 
84.7 
95.7 
61.9 
28.2 
31.0 
25.3 
190.5 
222.3 
186. 0 
78.0 
81. 5 
74.0 
1.56 
1.42 
1.69 
0.27 
0.24 
0.21 
0.38 
0.39 
0.33 
L^ength of 10 ears. 
Table A12. (Continued) 
Treatment 
Treat--rf-H8ement plants/  Ears/  Grain 
ment Dev.  stages ha ha yield 
no» 6 y 8 Rop * ———X 10^——-— (j/hs. 
9 R1 1 4 6 . 3  45.2 83.1 
2 50.6 47.4  81.5 
3 5 1 . 7  5 1 . 7  78.2 
10 R 2  1 5 1 . 7  5 1 . 7  89.6 
2 4 7 . 4  4 6 . 3  9 4 . 5  
3  45.2 4 2 .  0 7 2 . 9  
12 R 1  R 1  1 5 1 . 7  50.6  9 3 . 7  
2 4 8 . 4  4 7 . 4  9 5 . 7  
3  5 9 . 2  4 6 . 3  90. 4  
1 3  R 1  R 1  1 4 7 . 4  4 8 . 4  9 3 . 7  
2 4 8 . 4  4 7 . 4  9 0 . 4  
3  4 9 . 5  4 8 . 4  9 3 . 3  
1 4  R1 R1 1 4 9 . 5  4 8 . 4  89.6 
2 50.6  47. 4  7 4 . 9  
3  50.6 4 2 . 0  82.3 
4  4 9 . 5  4 9 . 5  89.6 
5  49.5 4 9 . 5  92.0 
6 50.6 4 8 . 4  82.3 
2 0  X  1  45.2 4 4 . 1  86.3 
2 5 3 . 8  50.6  9 7 . 3  
3  50.6  4 9 . 5  89.2 
Seed Mean Ear .  . . .  
wt ear wt length grain composition,  
g g cm ^ N fc y  % K 
3 1 . 9  222.3 
29.6 2 0 4 . 1  
2 8 . 7  1 8 1 . 4  
2 9 . 7  2 0 8 . 7  
3 4 . 4  2 4 4 . 9  
3 11 6 208.  7 
2 7 . 5  2 2 2 . 3  
31.6 2 4 0 . 4  
2 8 . 5  2 3 5 . 9  
3 0 . 4  213.3 
- 226.8 
3 2 . 1  2 3 5 . 9  
30.1 222.3 
26.6 190.5 
29.0 235.9 
2 8 . 8  217.7 
3 0 . 3  222.3 
26.6 2 0 4 . 1  
30.2 213.2 
30.9 2 1 7 . 7  
2 9 . 5  2 2 6 . 8  
83.0 1.50 
79.0 1.56 
78.5 1.66 
80.0 1.62 
87.0 1.56 
85.5 1.65 
8 1 . 0  1 . 4 6  
87.0 1.49 
80.0 1.60 
79.0 1.58 
80.0 1.56 
87.0 1.54 
76.0 1.55 
78.0 1.53 
78.0 1.56 
78.0 1.50 
79.0 1.56 
80.0 1.67 
83.0 1.35 
8 4 . 0  1 . 4 6  
83.0 1. 4 6  
0 . 2 4  0 . 3 3  
0.23 0 . 3 4  
0 . 2 7  0 . 3 7  
0 . 2 5  0 . 3 7  
0 . 2 6  0 . 3 4  
0 .  2 4  0.35 
0 . 2 4  0 . 3 6  
0.21 0 . 3 7  
0 . 2 3  0 . 3 5  
0 . 2 7  0 . 3 8  
0 . 2 4  0 . 3 4  
0 . 2 4  0 . 3 5  
0 . 2 4  0 . 3 5  
0 . 2 2  0 . 3 3  
0.  "'i  0 . 3 4  
o.;^4 0 . 3 4  
0 . 2 8  0.38 
0 . 2 7  0 . 4 0  
0 . 2 2  0.33 
0 . 2 5  0.37 
0.22 0.33 
Table A12. (Continued) 
Treatment 
Treat­
ment 
no.  
arrangement 
Dev.  stages 
6 7 8  Rep 
Plants/  Ears/  
ha „ha 
X 10 
Grain 
yield 
q/ha 
Seed 
wt 
g 
Mean 
ear wt 
g 
Ear 
length 
cm 
Grain composition 
fo N fo V % K 
22 X 1  50.6 4 7 . 4  86.3 2 8 . 6  2 1 7 . 7  7 8 . 5  1 . 3 0  0 . 2 0  0.32 
2 5 1 . 7  4 9 . 5  8 3 . 5  3 0 . 7  2 0 4 . 1  78.0 1 . 2 1  0 . 2 4  0. 36 
3 54.9 49.5 8 5 . 1  30.1 2 0 4 . 1  8 4 . 0  1 . 3 2  0.29 0 . 3 7  
23 X 1 50.6 4 7 . 4  9 2 . 5  3 0 . 5  2 3 5 . 9  8 2 . 0  1 . 4 5  0 . 2 2  0 . 3 3  
2 5 3 . 8  4 7 . 4  91.2 30.6 2 3 1 . 3  8 0 . 5  1 . 5 1  0 . 2 4  0 . 3 7  
3 4 7 . 4  5 1 . 7  9 4 . 5  3 2 . 7  2 1 7 . 7  8 3 . 5  1 . 4 8  0 . 2 5  0 . 3 3  
19 R2 1  45.2 45.2 81.  0 2 8 . 9  213.2 8 2 . 0  1 . 5 3  0.23 0 . 3 5  
2 4 9 . 5  4 9 . 5  9 0 . 4  30.2 2 1 7 . 7  7 9 . 0  1 . 6 4  0 . 2 2  0 . 3 4  
3 5 1 . 7  5 2 . 7  1 0 0 . 2  32.6 2 2 6 . 8  7 9 . 5  1.50 0 . 2 3  0 . 3 4  
Table A13. Correlation matrix, Experiment 6, 1976 
Stand Ear Ear Ear Seed N in P in K in 
Yield level number weight length weight grain grain grain 
Yield, q/ha 1.00 0.270+ 0.629** 0.694** 0.281* 0.512** -0.167ns 0.133ns 0.151ns 
Stand level/ha 1.00 0.487** -0.073ns -0.172ns -0.079ns 0.101ns 0.197ns 0.301* 
Ear number/ha 1.00 -0.114ns -0.027ns 0.101ns -0.031ns 0.265+ 0.251+ 
Ear weight, g 1.00 0.397** 0.567** -0.180ns -0.064ns -0.039ns 
Ear length, cm 1.00 0.475** -0.169ns 0.067ns 0.117ns 
Seed weight, g 1.00 -0.058ns 0.197ns 0.001ns 
N in the grain 1.00 0.310* 0.183ns 
P in the grain 1.00 0.712** 
K in the grain 1.00 
